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PREFACE

Southern California faces the greatest seismic risk of all the regions of the
United States. The region is inhabited by more than 12 million people and is one of
the Nation's key commercial and industrial centers. It lies astride a web of
potentially active faults, including that segment of the San Andreas fault that has
the highest probability of generating a great earthquake during the next 30 years.
Damaging earthquakes occur every four years, on the average, within the region.

The unique setting of southern California has made the region a prime focus
for earthquake research and hazard-reduction efforts., USGS Professional Paper
1360, which highlights the marked advances in methods for evaluating earthquake
hazards influenced by geologic conditions, is a recent example of such efforts.
Moreover, southern California contains the largest and most experienced groups of
scientists, engineers, planners, and emergency managers concerned with
earthquake problems. This community has assumed leadership roles nationally and
internationally in identifying hazards and in developing innovative land-use,
engineering, and emergency preparedness solutions.

This workshop was organized so that representatives of the community of
scientists, engineers, planners, and emergency managers of southern California
could examine progress to date and suggest what might be the most appropriate
next steps to take in reducing the earthquake threat. The goal of this publication,
which is the fourth in a series on knowledge utilization, is to help define the paths
along which future earthquake-hazards-reduction actions in southern California
might proceed. In addition, we believe that the insights recorded herein are
transferable to scientists, engineers, planners, and emergency managers in other
earthquake-prone regions of the Nation.

Walter W. Hays

Office of Earthquakes,
Volcanoes, and Engineering

United States Geological Survey
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INTRODUCTION

Joseph [. Ziony and William J. Kockelman
United States Geological Survey

The workshop, "Future Directions in Evaluating Earthquake Hazards of
Southern California," was held in Los Angeles at the University of Southern
California on November 12 and 13, 1985. The United States Geological Survey
(USGS), the Federal Emergency Management Agency (FEMA), the National Science
Foundation (NSF), the California Governor's Office of Emergency Services, the
California Department of Conservation/Division of Mines and Geology, the Cali-
fornia Seismic Safety Commission, the Southern California Earthquake Prepared-
ness Project, and the Southern California Association of Governments jointly
sponsored the workshop.

SOUTHERN CALIFORNIA'S EARTHQUAKE THREAT

Southern California, which contains more ‘than 12 million people and the
important metropolitan centers of Los Angeles and San Diego, straddles a broad
boundary between two horizontally moving crustal plates and contains more than
100 potentially active faults that can generate destructive earthquakes. More than
40 damaging earthquakes have occurred in the region since 1812, and future major
earthquakes are inevitable.

The probability that a large earthquake (exceeding magnitude 7) will occur
within the next 30 years along the San Andreas fault northwest of Los Angeles is
currently estimated to be 40 percent or greater (Lindh, 1983; Wesson and Wallace,
1985). Projected losses of $25 billion and estimated casualties of tens of thousands
(FEMA, 1980) would surpass the effects of any previous natural disaster in the
United States.

Moreover, many potentially active faults that can generate moderate-sized
earthquakes lie within or adjacent to the metropolitan areas. Although scientists
cannot yet assign probabilities for future events on these lesser faults, the faults
pose a significant hazard. For example, a magnitude 6.5 event within the Los
Angeles basin could result in losses exceeding those from a great earthquake on the
more distant San Andreas fault. The 1971 San Fernando earthquake, whose
epicenter was on the margins of the metropolitan area, demonstrated how vulner-
able a complex urban society can be to the damaging effects of moderate earth-
quakes nearby.



Many parts of metropolitan Los Angeles and San Diego, as well as Long
Beach, San Bernardino, and Ventura, are built on alluvial deposits that can amplify
earthquake ground shaking or can fail due to liquefaction. In some sectors,
urbanization is spreading to upland areas where earthquake-triggered landsliding
can be a significant threat. Although the ability of scientists to predict the
occurrence of a specific earthquake is still evolving, the distribution and severity
of many geologic and seismologic effects of future earthquakes can be predicted
with reasonable certainty by using recently developed or improved evaluation
methods. This information can be used for planning and engineering actions that
may substantially reduce future losses.

REASONS FOR THE WORKSHOP
Several reasons prompted us to convene the workshop:

First, the past two decades have seen remarkable progress in earthquake
hazard reduction for southern California.

o Considerable geologic and seismologic information useful
for hazard-reduction purposes has been assembled. These
data include detailed geologic maps of the principal fault
zones, geotechnical data on the bedrock and alluvial
deposits of the region, and geophysical information that
helps' explain where and why earthquakes occur in southern
California.

o New or improved methods for predicting the location and
severity of hazardous geologic effects of future earthquakes
have been developed. USGS Professional Paper 1360, which
was distributed for the first time at this workshop, is an
example of the progress being made in evaluating the
potential for earthquake generation, surface faulting, strong
ground shaking, ground failure, and tsunamis in the Los
Angeles region.

o Innovative hazard-reduction techniques have been devised,
including planning actions to avoid hazardous conditions and
engineering methods to accommodate them. California, and
especially southern California, has led the nation in
legislating and implementing improved building codes, land-
use regulations, and emergency-preparedness and response
planning to cope with future major earthquakes.

Secondly, the financial resources of both the public and private sectors are
limited. It is important, therefore, to take stock of currrent efforts and to develop
priorities for the next stage of earthquake hazards research and reduction in
southern California. Decisions must be made concerning which scientific research
topics are most critical and which hazard-reduction techniques are most effective.

Finally, earthquake hazards reduction is a complex task that requires an
integrated and multidisciplinary approach. More interaction must be encouraged



between the producers of earth-science information and those who use it for
hazard reduction. This workshop was intended to contribute to that interaction.
The September 19, 1985 earthquake that had a tragic impact on Mexico City
proved once again that scientists, engineers, planners, and decisionmakers have
much to learn and much to do if a similar disaster in southern California is to be
averted.

WORKSHOP OBJECTIVES AND FOCUS

The workshop had three objectives: (1) to summarize results of recent earth-
science research on evaluating earthquake hazards, (2) to present examples of
ongoing earthquake hazards reduction efforts, and (3) to discuss what additional
scientific and technical information is needed and which hazard-reduction tech-
niques are most effective.

The program was multi-disciplinary and was intended for the presentation
both of key results of recent scientific research and of examples of earthquake
hazards reduction efforts. The workshop was not a scientific forum for discussing
the development of such research, but rather a focus for discussing two important
questions: (1) what additional scientific and technical information is needed for
reducing earthquake hazards; and (2) which hazard-reduction strategies are most
effective and how can they be improved?

WORKSHOP PARTICIPANTS

About 330 people participated in the workshop; a -roster of registrants is
included in these proceedings (Appendix A). The attendees represented diverse
backgrounds including earth science, social science, land-use planning, engineering,
emergency management, public adminstration, law, public health, insurance, and
real estate. Numerous private firms, universities, public utilities, and Federal,
state, and local units of government were represented.

WORKSHOP ORGANIZATION, PROCEDURES, AND PROCEEDINGS

We organized the workshop to achieve an effective exchange between
producers and users of earthquake hazards information. Selected speakers and
panelists, plenary session and working group discussions, and a pointed dialogue
(produce-user debate) in the evening of the first day, were used to ensure this
exchange.

The workshop summarized key results of recent earth-science research on
evaluating earthquake hazards; examined current activities where hazard infor-
mation is being used to reduce potential losses; and promoted discussion of possible
future directions in both earth-science research and in hazard-reduction efforts.
The chief topics explored were:

0 evaluating earthquake and surface-faulting potential for
hazard-reduction actions,



o predicting seismic intensities for response planning and loss
estimation,

o predicting ground motion for earthquake-resistant design,
o predicting major earthquakes for preparedness planning,

o evaluating earthquake ground-failure potential for
development decisions, and

o evaluating the shaking hazard for redevelopment decisions.

The first day began with a plenary session where three scientists summarized
current research trends and opportunities in the first three topics above. This
session was followed by three concurrent working groups, one for each topic. The
working group speakers focused primarily on new methods for evaluating
earthquake hazards, on how the scientific information is being used to reduce
earthquake hazards, and on the effectiveness of specific hazard-reduction efforts.
After a luncheon break, concurrent working groups began with panel discussions
and closed with comments from the audience. The plenary session was then
reconvened, and the moderators and commentators for each working group pre-
sented their group's conclusions or recommendations. The second day was similarly
organized and addressed the last three topics.

Papers, expanded abstracts, and statements were solicited from cosponsors,
plenary speakers, working group speakers, and panelists. Copies were made
available to the audience immediately after each plenary and working group ses-
sion. In addition, the USGS Professional Paper 1360, "Evaluating Earthquake
Hazards in the Los Angeles Region--An Earth-Science Perspective," was presented
to each registrant.

Workshop proceedings are presented here in order of the working group
sessions for each of the 6 topics; the plenary session papers have been placed under
the appropriate working group topic, for example:

Topic |:  Plenary Session paper
Working Group papers
Panel and audience discussions

These published workshop proceedings will aid in transferring southern
California's successful hazard-reduction efforts to other regions.

Where indicated, certain statermrents and commentary have been transcribed
and edited from audiotape recordings made during the conference. Significant
effort has been made to ensure accuracy and thoroughness in reporting such
material. Errors and omissions in transcribed materials should be called to the
attention of the editors.



PROFESSIONAL PAPER 1360

The earthquake hazards of the Los Angeles region, improved methods for
evaluating the distribution and severity of the hazards, and opportunities for
reducing the hazards are described in a recently published USGS book (Ziony, ed.,
1985). The report presents the latest research evaluating surface faulting, strong
ground motion, ground failure, and tsunamis (seismic sea waves) that are expected
from future earthquakes. The report contains 16 chapters by 22 experts on the
geologic and seismologic effects of earthquakes. Among the significant findings of

the report are:

o) There are at least 95 fault segments in the Los Angeles region capable
of generating damaging earthquakes and rupturing the land surface.
The San Andreas and San Jacinto faults are the most active in terms of
their rate of slip during the recent geologic past, averaging about 25
mm/yr (millimeters per year) and about 10 mm/yr, respectively. Most
other faults have geological slip rates of about | mm/yr, except for a
belt of faults between Santa Barbara and San Bernardino that have slip

rates as great as 6 mm/yr.

o Future earthquakes as large as the following should be anticipated in
planning for and designing ordinary structures: magnitude 8+ on the San
Andreas fault, magnitude 7 on the San Jacinto fault, and magnitude 6.5
on other active faults. Major earthquakes are repeated at points along
‘the San Andreas and San Jacinto faults approximately every several
tens to a few hundred years. In contrast, recurrence intervals for other
faults in the region apparently are many hundreds to several thousands

of years.

o Geographic variations in the severity of ground motion can be
estimated for future earthquakes in the Los Angeles region by taking
into account geologic characteristics near the Earth's surface and by
applying various predictive methods. Two examples of the four

techniques described in this report are:

-- A computer program that maps, for any postulated
earthquake, predicted values of seismic intensity (a
qualitative measure of shaking strength useful for planning
emergency response and for estimating future losses) across
the region. Comparison of predicted intensities and
estimated percent damage for various possible earthquakes
indicates that a moderate-sized (magnitude 6.5) earthquake
within or near the Los Angeles basin would cause a higher
dollar loss to structures in the region that a great
(magnitude 8+) earthquake on the more distant San Andreas
favlt.

--  Newly devised equations that link expected ground motion
with earthquake magnitude, distance, site geology, and the
slip rates of nearby faults. Predictive maps can be made
showing quantitative’ measures of shaking strength (for



example, ground velocity) directly applicable to the seismic
design of structures. A sample map for the Pomona-San
Bernardino area indicates that ground velocities as high as
400 cm/s and 200 cm/s, respectively, can be expected near
the San Andreas and San Jacinto faults in the San
Bernardino Valley.

o Areas vulnerable to liquefaction (the sudden loss of ground strength
that can cause rupture or tilting of structures) can be identified from
the physical and hydrologic characteristics of the sediments within the
alluvial valleys. Liquefaction during future earthquakes is most likely
on the flood plains of the principal rivers; parts of the San Bernardino,
Oxnard, and San Fernando valleys; and coastal and harbor areas of Long
Beach and Marina Del Rey. Shaking strong enough to cause liquefaction
at a susceptible site is estimated to recur about every 30 to 50 years.

o Earthquake-triggered landslides, particularly rockfalls, are a significant
hazard in the populated upland areas. A new method for predicting the
areal limits for landslides of various types from different-sized
earthquakes has been developed. A magnitude 6.5 earthquake, for
example, could cause rockfalls on particularly unstable slopes at
distances as far as 69 miles from an earthquake.

o Tsunamis are rare in southern California coastal areas. Wave run-up
heights as great as 6 to |0 feet, however, can be expected from
distantly generated tsunamis such as might occur during a major
earthquake in the Gulf of Alaska. Moreover, locally generated tsunamis
triggered by sea floor faulting in the Santa Barbara Channel could cause
wave run-up heights as great as {3 to 20 feet at some nearby shorelines.

o Numerous opportunities for reducing earthquake hazards are available.
Examples of successful programs and regulations are discussed and
illustrated.

To demonstrate the earthquake hazards-evaluation methods described in the
report, the geologic and seismologic effects of a hypothetical magnitude 6.5
earthquake on the Newport-Inglewood fault zone in the Los Angeles basin are
predicted.

Copies of Professional paper 1360 can be purchased over-the-counter at the
USGS Public Inquiries Office, 7638 Federal Building, 300 N. Los Angeles Street in
Los Angeles. They also can be ordered by mail from U.S. Geological Survey, Books
and Open-File Reports, Federal Center, Box 25425, Denver, CO 80225. A check
for 524 payable to "Department of the Interior--USGS" should be enclosed.

OTHER WORKSHOPS OF THE EARTHQUAKE HAZARDS REDUCTION PROGRAM

The workshop is the thirty-second in a series of workshops and conferences
convened by the U.S. Geological Survey on earthquake issues and is the twentieth
in a series coordinated by Walter W. Hays, Deputy for Research Applications, USGS
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Office of Earthquakes, Volcanoes, and Engineering and specifically directed at the
use of scientific information for reducing hazards. A list of earlier workshops is in
Appendix B at the end of the report. Proceedings of these earlier workshops are
available from the Open-File Services Section, USGS, Branch of Distribution, Box
25425, Federal Center, Denver, CO 80225.

Primary stimulus for the workshops is the Earthquake Hazards Reduction Act
(U.S. Congress, 1977), which created the National Earthquake Hazards Reduction
Program (NEHRP) and directed the Federal government to lead, coordinate, and
conduct earthquake research, hazard mitigation, and disaster preparedness. In
1978, the President established the Federal program and specified the roles for
Federal agencies and recommended appropriate roles for state and local units of
government, individuals, and private organizations.

The USGS has various responsibilities regarding research, hazard identifi-
cation, hazard reduction, prediction, assistance to state and local governments and
the private sector, information dissemination, and public awareness (Schnell and
Herd, 1984). The National Bureau of Standards, FEMA, and NSF also have some of
these responsibilities, as well as others including leadership, coordination,
insurance, land-use guidance, preparedness, and response. A recent report by the
Federal Emergency Management Agency (1985) highlights the actions taken by
Federal agencies including coordination with and financial support of scientific and
technical projects being conducted by non-federal agencies.
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EXECUTIVE SUMMARY

INTRODUCTION

About 330 scientists, engineers, and planners met in Los Angeles on
November 12-13, 1985 to discuss what additional earth science and technical
information is needed for reducing earthquake hazards in southern California and
to identify which hazard-reduction techniques are most effective. Their key
observations are summarized here according to the six topics addressed at the
workshop.

l. EVALUATING EARTHQUAKE AND SURFACE-FAULTING POTENTIAL
FOR HAZARD-REDUCTION ACTIONS

EARTH SCIENCE AND TECHNICAL INFORMATION

Current Status -- Assessment of the earthquake and surface-faulting potential in
southern California is well advanced compared to many other regions of the United
States. Significant gaps exist, however, in the geologic and seismologic data base
available for evaluating many of the potentially active faults, particularly those
within or adjacent to the major population centers.

o The general aspects of southern California's seismotectonic framework are
reasonably well understood. Most of the likely sources of future major
earthquakes onshore have been identified and their seismological character
and late Quaternary activity are being assessed.

o Reliable estimates of geologically determined slip rates for late Quaternary
time are available only for a few major faults. Rates for the onshore
northwest-trending faults west of the San Jacinto fault are poorly
constrained, and slip-rates for most offshore faults are undetermined because
reliable geologic data have not yet been acquired.

o Direct geologic evidence for earthquake recurrence intervals is limited to
single localities on the San Andreas, Elsinore, and a few other faults. For
most other faults, recurrence intervals have been estimated only indirectly
by using slip-rate data.

o The sizes of future earthquakes can be estimated from assumptions about the
dimensions of the late Quaternary faults (particularly the lengths of their
known Holocene strands). The potential for large (magnitude 7.5 or greater)
earthquakes beneath the Transverse Ranges is an unresolved issue.



o Recently active traces of the principal fault zones have been mapped in
detail by the California Division of Mines and Geology under the Alquist-
Priolo Special Studies Zones Act. Methods exist for estimating the type and
amount of future surface displacement for postulated earthquakes. The
geologic data base, however, varies in quality and completeness for southern
California.

Future Directions and Needs -- Future research will emphasize improving slip-rate
and recurrence-interval estimates of individual faults, and investigating those
geologic and seismologic characteristics that influence earthquake potential.
Specific needs identified were:

o Continuing search for and documentation of Holocene offsets along all
potentially active faults in the region.

o Determining the segmentation characteristics of faults to provide constraints
on estimating the likely sizes of future earthquakes.

o Improving networks of seismographic stations to permit more accurate three-
dimensional mapping of fault zones to identify continuous fault segments that
break in characteristic earthquakes and barriers that may influence
variations in fault displacement.

o Additional testing of lithospheric models proposed for the Transverse Ranges
to establish whether or not low-angle faults of large dimensions exist within
brittle crust.

HAZARD-REDUCTION TECHNIQUES

Current Status - Fault-rupture zones have been mapped for the entire State under
the Alquist-Priolo Special Studies Zones (APSSZ) Act. Cities and counties must
regulate development within these zones and real-estate sellers must disclose to
buyers if the property being sold is in a zone. Some cities and counties have
greater requirements than that of the State law. Specific comments concerning
the implications of the APSSZ Act were:

o Avoiding construction astride known active faults is the most effective
method of reducing the fault-rupture hazard.

o Location of properties in an APSSZ has reduced the availability of and
increased the cost of earthquake insurance.

o Effective disclosure does not always occur; for example, real-estate sellers
are uncomfortable commenting on fault-rupture hazards and developers are
reluctant to evaluate some sites because of uncertainties about the activity
of certain faults.

o As experience in fault evaluation is gained by consulting geologists and local
reviewers, the effectiveness of site investigations improves.

) The Act is not retroactive, and the extent to which existing structures lie
astride active faults is unknown,
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o Cities and counties frequently lack the resources to develop and enforce
appropriate ordinances regulating development in these zones; there is no
State agency charged with overseeing local implementation of the Act; and
there is no penalty for not complying with the Act.

Future Directions and Needs -- The general trend in society is to hold developers,
contractors, and regulators more liable when natural hazards occur, even when a
property owner signs a waiver absolving local government from responsibility.
Local geotechnical staffs hired to review and advise on the APSSZ are advising on
other geologic hazards and on improving local regulations. Specific needs
identified were:

o) Identifying and reducing hazards for existing buildings astride active faults.

o Evaluating the effectiveness of local enforcement of the APSSZ Act and
performing cost/benefit analysis of existing hazard-reduction techniques.

o Providing a State or regional depository for earthquake-hazard information
and a program to systematically categorize, review, and wuse such
information.

o Creating regional redevelopment agencies with land-use planning,
development, and financing powers prior to earthquakes.

o Revising the procedures of lending and insuring institutions so that they
complement local development regulations.

o Extending the APSSZ Act to other earthquake hazards such as liquefaction
and landsliding.

ll.  PREDICTING SEISMIC INTENSITIES
FOR RESPONSE PLANNING AND LOSS ESTIMATION

EARTH SCIENCE AND TECHNICAL INFORMATION

Current Status -- A computer-based method predicts seismic intensities for
specified earthquakes by applying numerical models of the earthquake source,
crustal attenuation characteristics, and empirically derived relative intensity
increments for different geologic units. [t has been used to map predicted
intensity patterns for various potential California earthquakes and to estimate
earthquake losses.

o Recent studies demonstrate that intensity can be correlated directly with
strong-motion parameters for frequency bands applicable to ordinary
structures. Current predicted-intensity maps, however, do not account for
longer period effects or resonance effects.

o The predictive model assigns intensity increments based upon geologic ground
conditions obtained from [:250,000-scale State geologic maps. The model is
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strongly sensitive to assumptions about the water-table depth in alluvial
sediments.

o Losses are estimated by incorporating empirical correlations between
observed historical intensities and percentage damage experienced by various
types of structures. However, marked differences with other loss-estimation
methods in predicted losses from equivalent postulated earthquakes are
common,

o Building inventory data bases are inadequate for many metropolitan areas in
southern California.

Future Directions and Needs -- Continued research into the effects of various local

geologic factors on shaking intensities is needed. Substantial improvements in
estimating damage factors at different intensity levels are critical for reliable loss
estimates. Specific needs identified included:

o Testing the assumption that shallow ground water in alluvial sediments
increases seismic shaking. Possible effect of variations in sediment thickness
on shaking response also needs clarification.

o Characterizing geologic ground conditions for the metropolitan areas at
scales substantially more detailed than 1:250,000.

o Redefining intensity scales ‘to account for upgraded building codes and
improved construction practices. Additional sensitivity studies’ on all
elements of the predicted-intensity and loss-estimation models would
improve estimates. : :

o Upgrading structural inventories for all major metropolitan areas and
entering these into a computerized data base.

HAZARD-REDUCTION TECHNIQUES

Current Status -- Preparedness and response planning are underway based on
scenarios using seismic intensities predicted for a major earthquake on the San
Andreas fault. Scenario methods provide a framework for incorporating local
variations in ground shaking due to geologic and soil conditions. Although scenarios
cannot identify where specific damage will occur, they provide a reasonable basis
for preparedness, response, and recovery plans and can be used to estimate the
emergency response needed. Scenarios have been used for estimating:

o Damage to critical facilities, specifically lifelines such as highways, airports,
railroads, marine facilities, communication lines, water supply and waste
disposal facilities, and electrical power, natural gas, and petroleum lines.

0 Number of deaths, number of injured requiring hospitalization, and economic
losses.
o) Number of homeless and the need for emergency housing.
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Future Directions and Needs -- Earthquake scenarios are needed for potential
major earthquakes along other southern California faults. The insurance industry
requires more reliable estimates of future losses from earthquakes because of legal
requirements to offer residential earthquake insurance and because of the large
potential losses on commercial buildings. Specific needs identified were:

o Revising the Modified Mercalli Intensity Scale to better account for the
complexity of modern construction types, and to inciude long-period shaking
effects.

o Improving inventories of the number and type of structures and methods to

predict damage or loss.
o Developing scenarios at larger scales for selected communities.
o Clearly defining local earthquake-hazards reduction programs, reconstruction

plans, recovery team needs, recovery operations, and reconstruction
activities.

M.  PREDICTING GROUND MOTION FOR EARTHQUAKE-RESISTANT DESIGN

EARTH SCIENCE AND TECHNICAL INFORMATION

Current Status -- The ability to quantitatively predict ground motion has advanced
markedly in the past decade. Empirical estimation techniques permit reliable
specification of design motions for nearby moderate earthquakes and for distant
large earthquakes.

o Mean values of peak ground acceleration and velocity can be predicted from
curves based chiefly on California data. Response spectral values also can be
calculated for a range of earthquake magnitudes and local geology.

o A new method for predictively mapping ground motion accounts for site
effects by using shear-wave velocity estimates and by representing
earthquake potential by fault slip rate. A demonstration map has been
published for part of the Los Angeles region.

Future Directions and Needs -- Collection and analysis of strong-motion dataq,
especially near the source of large earthquakes, should continue. Fundamental
studies into the physics of earthquake sources, wave propagation, and effects of
differing geologic site conditions on ground motion are essential. Specific needs
include:

o Recording of near-source strong motion from shallow large earthquakes to
improve predictive capabilities. Because large California events occur
rarely, strong-motion instrumentation must also be placed in other parts of
the world with comparable tectonic settings.

o Determining scaling of earthquake ground motion with source size, effects of
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directivity, and contribution of nonlinear soil response in reducing ground
motion.

o Improving fault slip-rate estimates for southern California faults as a basis
for probabilistic predictions of ground motion.

HAZARD-REDUCTION TECHNIQUES

Current Status -- Engineering design of new structures, and retrofitting of existing
structures, is influenced by estimates of future ground motion. For example,
strengthening projects for highway bridges were given priorities based in part upon
the level of expected ground motion. In 1983, the Applied Technology Council
developed retrofit guidelines for highway bridges. The scope of the project was to
provide:

o Preliminary screening process for the initial selection of bridges to be
retrofitted.

o Methodology to evaluate the seismic capacity of existing bridges.

o Subjective criteria for the determination of retrofit details for existing
bridges.

o Examples of various retrofit measures.

Future Directions and Needs -~ Time and resources are needed in developing useful
building codes, educating the industry, and creating a mechanism to evaluate the
efficiacy of new or unusual innovations such as base isolation and epoxy/polyester
strengthening. Codes can only be effective if they are understood by the design
practioner and enforced by the regulatory agency. The National Institute of
Building Standards' "recommended provisions for the development of seismic
regulations for new buildings" will serve as a source document for use by the
building community. Specific needs identified were:

o Expanding the knowledge and the understanding of the behavior of buildings
and nonstructural components during earthquake-induced motions, and incor-
porating research products into improved codes.

o Compiling case histories of the strengthening of structures, including
information on testing and costs.

o Developing methods to evaluate seismic resistance of existing structures in
seismically active areas, and developing a full-scale testing capability which
can test to destruction.

o Continuing studies on the likely location, magnitude, and recurrence of
earthquakes to improve reliability of ground-motion hazard assessments.

) Ensuring that wunderstandable building codes are prepared and that
enforcement officials are trained.
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IV. PREDICTING MAJOR EARTHQUAKES FOR PREPAREDNESS PL ANNING

EARTH SCIENCE AND TECHNICAL INFORMATION

Current Status -- Long-term (several years to several decades) earthquake
predictions stated in probabilistic terms have been made for segments of the San
Andreas fault system on the basis of seismic gap theory and geologic evidence of
recurrence. A short-term prediction stated in probabilistic terms was made on the
basis of seismic activity in the City of San Diego. However, well-established
relations linking observed geophysical phenomena with earthquake occurrence for a
specified magnitude, place, and time window have not been recognized.
Earthquake prediction remains in a research phase, although some perceive that it
already is in operation.

o Location and magnitude of major earthquakes can be reliably specified for
many major fault segments only on very long time scales (decades or longer).
Fundamental research into short- and intermediate-term (days to months)
must advance significantly before reliable warnings will become practical.

o The Parkfield (central California) prediction experiment is attempting to
monitor and identify possible precursors for an impending magnitude 6 or
larger event and to understand the rupture process.

o Very short time span (tens of seconds) warnings of imminent strong shaking in
southern California from a large earthquake propagating along the San
Andreas fault in central California is theoretically feasible using existing
technology. . :

o Validation systems for earthquake predictions exist through operation of the
National Earthquake Prediction Evaluation Council and the California
Earthquake Prediction Evaluation Council. However, it is difficult to
mobilize these groups to assess potential precursors having time spans of
hours or a few days.

Future Directions and Needs -- Progress toward reliable prediction requires
sustained research into basic physical principles controlling the earthquake process.
Sites in southern California with known high-potential for imminent earthquakes
should be moniored for possible precursors. Specific needs identified were:

o) Improving the ability to make long-term earthquake predictions (forecasts).
Probabilistic approaches to expressing the potential for future earthquakes
can be refined and extended to possible precursory phenomena.

o Deploying dense clusters of geophysical instruments for focused experiments
along high-probability seismic gaps of the San Andreas fault system in
southern California.

o) Conducting earthquake prediction experiments in other parts of the world,
especially in tectonic environments comparable to California.
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o Conducting periodic scenario exercises with hypothetical short-term
precursors with the prediction-evaluation groups in order to examine the
range of assumptions and hypothesis held by experts.

HAZARD-REDUCTION TECHNIQUES

Current Status -- The perceptions of local decisionmakers on the status of
earthquake forecasting greatly influences their willingness to deal with prediction
issues. Some jurisdictions are organizing to act upon a validated prediction. For
example, the City of Los Angeles has a written emergency plan, a full-time staff,
an emergency operations organization, and an annual earthquake response exercise.

o Experience shows that the public can react to a prediction without panic or
counterproductive actions.

o Rapidly providing full and accurate information to the public, and updating it
frequently to control rumors, is the wisest course of action based on
extensive experience with predicting hurricane, flood, and tornado events.

o Although it is the scientist's job to recognize earthquake precursory
information and to explain its significance, the job of nonscientists is to
educate themselves about what the scientist is saying and then make an
intelligent response.

Future Directions and Needs '-- Because of the intensive scientific research
underway in the Parkfield areq, it is quite possible that indications of an imminent
earthquake will be detected and that this will lead to the issuance of a short-term
prediction. Effective systems to manage that prediction are being established.
However, for southern California, neither the instrumentation nor the scientific
understanding are sufficiently advanced. Thus, local officials may have to base
their actions on less rigorous earthquake predictions or forecasts. Given a valid
prediction, local government will face difficult decisions about post-earthquake
land-use planning and reconstruction. Specific needs identified were:

o Resolving problems in the areas of: issuing warnings to the public, alerting
and mobilizing response groups, vacating hazardous structures, posting
warnings, evacuating threatened areas, providing mass care and shelter, and
determining public liability.

o Educating government officials and the public on the differences between
types of predictions -- short-term, intermediate-term, and long-term
(forecasts); standardizing terminology and seeking consistent usage among
official predictors.

o) Developing procedures for rapidly disseminating warnings for a short-term
prediction, educating the public in advance as to the type of protective
actions that they should take, and knowing how to communicate
contradictory information. Because contradictory information leads to
inaction, there is also a need to know how to deal with the public's suspicion
that "scientists know more than they are telling us."
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o Continually assessing the political, economic, social, other secondary effects
of predictions.

V. EVALUATING EARTHQUAKE GROUND-FAILURE POTENTIAL
FOR DEVELOPMENT DECISIONS

EARTH SCIENCE AND TECHNICAL INFORMATION

Current Status -- Liquefaction potential of geologic materials within many alluvial
basins of southern California has been mapped at regional scales using well-
established methods. The areal limits for various landslide types triggered in
upland areas by specific earthquakes also can be predicted using new hazard-
analysis procedures.

o Geologic and hydrologic criteria exist for identifying liquefiable sediments;
the limiting distances for liquefaction from different sized earthquakes are
established; and the return periods for shaking strong enough to induce
liquefaction has been calculated for southern California.

o) Liquefaction potential maps at 1:250,000 scale are published for parts of the
Los Angeles region, but are not sufficiently detailed for site-specific
evaluations.

o Theoretical and empirical studies of earthquake-induced landsliding world-
wide permit mapping zones with differing levels of probability of siope
failure based on distance from the postulated earthquake source.
Determination of the stability of specific slopes, however, requires detailed
information on the geotechnical character of specific slopes; this type of
data is not yet available for most of southern California.

Future Directions and Needs -- More complete geotechnical and hydrologic data
are needed for southern California. Methodologies should be further quantified to
permit estimation of the severity of predicted ground-failure effects. Post-
earthquake studies of ground failures are essential for refining predictive
techniques. Specific needs identified included:

o) Conducting long-term monitoring of shallow (especially perched) ground
water. More precise characterizations of the dabundance, distribution, and
relative density of saturated cohesionless sediments could be obtained from
closely spaced core penetrometer measurements or possibly from ground-
penetrating radar.

o) Increasing studies of the seismic stability of man-made cuts and fills in
hillside areas, and fills and dikes along major waterways and around harbor
areas.

o} Improving methods of predicting seismically induced landslides using field

experiments with potential slide masses to analyze the roles of cohesion,
hydrologic attributes, and changes in pore-pressure on slope stability.
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HAZARD-REDUCTION TECHNIQUES

Current Status -- Seismic safety elements, which have been adopted by virtually

every Calitornia city and county over the past 10 years, provide a useful legal
framework for making decisions to avoid or accommodate potential ground-failure
hazards. Engineering solutions for reducing liquefaction and landslide hazards are
well known, but may be costly for ordinary types of development.

o Political variables are of greater importance to the initiation and success of
earthquake-hazard reduction than are the the current state of scientific
knowledge or the availability of technological remedies.

o Impediments to earthquake-hazard reduction include decisionmakers'
priorities other than seismic safety, lack of earthquake-oriented political
constituencies, lack of inside advocates, lack of professional review of
geotechnical reports within many jurisdictions, and the complexity and
uncertainty of ground-failure processes.

Future Directions and Needs -- To improve the quality of seismic safety elements,

consideration should be given to improving guidelines and models to assist local
governments in preparing the elements. Some seismic safety elements could be
improved by adding larger-scale, more detailed hazard maps, simplifying the
geologic problems rating system, providing for the addition of new information, and
including other local government policies related to geologic processes. The
technical community has a responsibility to more actively assist local government
in understanding technical information. The following needs were identified:

o Writing seismic safety elements so that any interested person could under-
stand the technical issves.

o Reviewing and updating seismic safety elements at least every five years
and adding plans and procedures for post-earthquake reconstruction to them.

o Providing more maps delineating areas of potential ground failure in
urbanized areas and transmitting new ground-failure information to geo-
technical professionals more quickly.

o Presenting information in a form more usable to planners and regulators, and
upgrading the inspection staffs of medium-sized communities.

0 Requiring local emergency response procedures as part of the seismic safety
element, and requiring that the emergency response plans reflect the hazards
identified in the seismic safety elements.

o Making grading ordinances more effective regarding quality control in
constructing and inspecting artificial cuts and fills.
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VI. EVALUATING THE SHAKING HAZARD FOR REDEVELOPMENT DECISIONS

EARTH SCIENCE AND TECHNICAL INFORMATION

Current Status -- A wide range of approaches, some quantitative and others
qualitative, exist for zoning urban areas for shaking hazards. A new technique
recently applied to part of the Los Angeles basin yields maps of relative ground
response for period bands applicable to buildings of different heights.

o Engineers desire quantification of ground motion estimates, ideally expressed
in probabilistic terms. Financial constraints in evaluating existing structures,
however, commonly result in use of simple, "off the shelf" analyses of the
shaking hazard.

o The major geologic characteristics that influence ground amplification in the
Los Angeles region have been identified from comparative measurements of
ground motions at different sites. Amplification factors relative to shaking
on basement rocks can be assigned to distinctive types of local geology.

o Predictive maps of relative ground response in southern California are
possible using the amplification factors and regional geologic and
geotechnical data. ’

o Certain modern structures such as "tilt-up" buildings, buildings with “soft"
first stories, and long-span bridges may pose significant threats to life safety.

) Unreinforced masonry bearing-wall buildings -are the chief threat to life
safety. Various engineering techniques to strengthen such buildings to resist
shaking have been developed.

Future Directions and Needs -- Testing and comparison of methods to predict
relative ground response will continue. Predictive maps should be made for other
parts of southern California. Continued structural and safety engineering research
is essential. Specific needs identified included:

o Comparing the different shaking-hazard methodologies by application in the
same demonstration area. Research to determine possible correlations
between Modified Mercalli intensities and various instrumentally recorded
parameters (for example, velocity) should be pursued.

o Evaluating site response relative to peadk acceleration, velocity, and
displacement to help translate relative ground response factors into terms
more useful to engineers.

o Developing improved techniques for evaluating and strengthening existing
structures, including building types other than wunreinforced masonry.
Hazards of nonstructural components of buildings should be investigated to a
greater degree.

o Improving methods for predicting damage and degradation of buildings and
for developing building and lifeline inventories in southern California.
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o Developing methods of incorporating all significant functional, economic, and
loss-of-life parameters in a shaking-hazard model.

HAZARD-REDUCTION TECHNIQUES

Current Status -- More than 50,000 unsafe masonry buildings exist in California.
California Senate Bill 547, signed into law in July 1986, requires local governments
to prepare an inventory of unsafe buildings. Several cities have adopted or are
considering the adoption of strengthening or removal ordinances to reduce hazards
from unsafe masonry-bearing-wall buildings.

o) In response to the 1985 Mexico earthquake, the City of Los Angeles has
accelerated its existing program to strengthen or remove unsafe masonry
buildings by 1992. A key factor has been the public's recognition of the
hazards to life associated with unsafe masonry buildings.

o Although insurance companies may consider differences in shaking hazards,
their decisions about coverage and price are affected by many other factors
such as market penetration strategy, growth to obtain funds for investments,
client accommodation, and competition.

Future Directions and Needs -- The huge inventory of potentially unsafe buildings
will continue to be a significant problem for earthquake-hazard reduction.
Research is needed in identifying buildings other than unreinforced masonry-
bearing-wall buildings that may be unsafe; and in identifying hazards created by
nonstructural elements., Other needs identified were:

o) A better understanding of the relationship between the stiffness of horizontal
and vertical elements, overturning action of walls, rotational/cantilever
action of diaphragms, cord stresses of diaphragms, strength and ductility of
existing structural elements, and isolation techniques.

o Better understanding of how people actually respond in earthquakes and how
to lessen nonstructural and building content hazards.

o Developing more appropriate preparedness and response plans to facilitate
recovery and reconstruction,

o Communicating hazard-reduction techniques to tenants and other building
occupants as well as the building owners, and providing the public with
information on preparedness, strengthening of buildings, and preventing of
injuries inflicted by nonstructural components.

o Developing insurance- and lending-agency actions to aid in recognition and
strengthening of unsafe structures.
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WORKSHOP GOALS OF THE CALIFORNIA
GOVERNOR'S OFFICE OF EMERGENCY SERVICES

William M. Medigovich

This workshop provides an opportunity for representatives from many
disciplines, jurisdictions, and public agencies to review the most recent develop-
ments in the effort to understand southern California's seismic environment.

California's earthquake safety programs require cooperation among many
disciplines and areas of expertise. Emergency management professionals must
work together with colleagues in the earth sciences, engineering, architecture,
planning, and building safety to understand as much as possible about our
earthquake hazards.

Within the past twelve months, several events occurred that necessitated
close dialogue, mutual understanding, and coordinated decisionmaking between the
technical community and public safety officials.

First, reviews by the National and California Earthquake Prediction Evalua-
tion Councils of research efforts in the Parkfield region resulted in the first
validated earthquake prediction to be announced in the United States. Second, in
June 1985, the Governor's Office of Emergency Services, the San Diego Office of
Disaster Preparedness, and the U. S. Geological Survey reviewed assessments made
after three magnitude 4.0 earthquakes occurred in the San Diego area, and issued a
public earthquake advisory of possible additional seismic activity over the subse-
quent five-day period. Most recently, emergency officials have worked with
professionals from many disciplines in evaluating the recent earthquakes that
damaged Mexico City and the concomitant lessons for our own earthquake safety
programs.

Each of these instances required a close working dialogue and mutual respect
and understanding among disciplines. In many ways, the success of our future
earthquake safety efforts depends upon ongoing exchanges among the groups of
people assembled for this workshop.

The Governor's Office of Emergency Services is pleased to participate in this
important workshop, and honored to serve as a cosponsor. We look forward to the
presentations to be made at this workshop, and to the continuing of our mutual
efforts to enhance the public safety of the residents of California.
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WORKSHOP GOALS OF THE CALIFORNIA SEISMIC SAFETY COMMISSION

Wilfred lwan

The California Sesimic Safety Commission is responsible for advising the
state administration and legislature on matters of seismic safety policy. In that
role, the Commission is vitally concerned about reducing the hazards associated
with California earthquakes. We view this conference as a very important step in
the formulating of seismic safety policy. We are particularly pleased to see the
very broad spectrum of backgrounds of the individuals involved in this conference.
We believe that it is only as seismologists, engineers, architects, social scientists,
and those in government come together to discuss these matters that truly
effective policy can be formulated. We also appreciate the fact that this is not
just another technical conference where we will be presenting technical papers and
telling each other about our latest equations. The focus of this conference is to
determine what additional scientific and technical information is needed, and how
that information will be applied to the earthquake problem. We are very pleased to
cosponsor this workshop, and | am pleased to introduce the chairman of the
Commission, Dr. Bruce Bolt.

Bruce A. Bolt

Thank you, Dr. Iwan. It is a pleasure to see such a large gathering interested
in the reduction of earthquake hazards in California. Stimulated by the experience
of the 1971 San Fernando earthquake, the California State Legislature and the
Governor established the Seismic Safety Commission in 1975 to develop and guide
State policy on all aspects of earthquake hazard mitigation in California. To
further these goals, The Seismic Safety Commission holds hearings, issues reports,
and drafts legislation. The Commission also has provided oversight for the
critically important Strong Motion Instrumentation Project Program managed the
trail-blazing Southern California Earthquake Preparedness Project (SCEPP) and San
Francisco Bay Area Regional Earthquake Preparedness Project (BAREPP). | would
like to mention two key new developments.

THE CALIFORNIA EARTHQUAKE HAZARDS REDUCTION ACT OF 1986

Senate Bill No. 548, approved by the Governor on October 2, 1985, establishes
the California Earthquake Hazard Reduction Program, which is to be prepared and
administered by the Seismic Safety Commission pursuant to its existing authority.
The program will consist of a series of five-year plans revised annually, with the
first to be submitted to the Governor and Legislature by September 1, 1986,
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The establishment of this coordinated program is a step of major historical
importance in the struggle to minimize the danger from earthquakes to California's
population and economy. The program will specify priorities, funding sources, and
resources needed to significantly reduce earthquake hazards statewide by January
I, 2000. This definite goal puts all parties in California on notice that serious steps
towards earthquake hazard reduction must be completed in a finite time.

The bill addresses specifically, but not exclusively, the following:

o mitigation, including expansion of scientific and
engineering studies (see below),

o preparedness, including critical facilities, disaster
preparedness education, and prediction,

o response, including integration of Federal, State, and
local plans, and improvements in the statewide
communication system, and

o recovery, includir}g m‘ilitory and financial issues for
restoration of California's economy.

CALIFORNIA EARTHQUAKE ENGINEERING RESEARCH CENTER

The California Earthquake Hazards Reduction Act specifically gives priority
to the improvement of design, and construction methods and practices for
rehabilitation of hazardous buildings; to basic research of physical earthquake
phenomena; and to expansion of scientific and engineering studies. At the same
time, the National Science Foundation (NSF) has called for proposals for "A
Research Center for Earthquake Engineering."

In response, a consortium of California universities, including the California
Institute of Technology, University of Southern California (USC), Stanford Univer-
sity, and University of California at Berkeley, has proposed a California Earth-
quake Engineering Research Center. NSF funds, up to $5 million per year for five
years, are available for a center, with the proviso that matching funds can be found
from the state and elsewhere. At a presentation before the Seismic Safety
Commission, Professor J. Penzien, University of California at Berkeley, defined
the major objectives of the California Center as "the increased effectiveness of
the overall seismic hazards mitigation program." In supporting remarks, Professor
G. Housner, California Institute of Technology, stressed how the center would
focus the efforts of a large number of researchers on essential problems and
significantly upgrade the experimental equipment. He stated that "the center
would mark a new era in earthquake engineering research."

| take the opportunity to ask for strong and universal support for both the
California Earthquake Hazard Reduction Program and the California Earthquake
Engineering Research Center. It is clear that the Seismic Safety Commission, and
all others participating in this conference, are going to have a very busy time
ahead, but at last we can break the back of the earthquake specter.
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WORKSHOP GOALS OF THE CALIFORNIA DIVISION OF MINES AND GEOLOGY

James F. Davis

The California Division of Mines and Geology (CDMG) is a part of the
California Department of Conservation which has had the opportunity to
participate in the organization of this conference. My remarks will supplement
what William M. Medigovich, of the Governor's Office of Emergency Services
(OES), told you about state roles in terms of emergency response. As the earth-
science organization of California government, we view the staff of OES, in a
sense, as our clients. In other words, the CDMG feels that we have the
responsibility to interpret the best scientific information we can obtain in the most
meaningful way in order for the wisest decisions to be made by emergency response
groups that are coordinated by OES. | think this is a tremendous responsibility, and
the opportunity which comes from participating in a meeting such as this is truly
unique.

o First, we have the background of the September 1985
Mexico earthquake. For those of us who sometimes
become preoccupied with the aesthetic side of our
activities, that event was a reminder of the tragic side
of our work, as well as a clear message that some of
the tragedy is certainly preventable. The challenge
facing us is to try to mitigate similar tragic
circumstances as much as possible.

o Second, we have a high-water mark of technical work
--USGS Professional Paper 1360--that has produced
the major publication that serves as a background for
this conference.

o Third, we are looking forward--rather than back--on
those technical accomplishments in the context of
assembling a group made up of both users of scientific
and engineering information, and the people who have
the responsibility to produce it. 1 think that is the
right combination, and the stage should be set for
some new insights to be developed by consensus.
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WORKSHOP GOALS OF THE
SOUTHERN CALIFORNIA EARTHQUAKE PREPAREDNESS PROJECT

Anthony Prud'homme

The Southern California Earthquake Preparedness Project's (SCEPP) goal in
co-sponsoring this workshop is to promote the utilization of earthquake hazards
information. 1t is not enough for government to fund studies that identify the
earthquake hazards in southern California and stop there. It is equally important
that we know how to utilize such information for the purpose of reducing risks and
probable injuries and damage.

With specific reference to the program of this conference, once we have
evaluated the earthquake, surface faulting, and ground-failure potential of the
region from a scientific point of view, we need to be sure that appropriate land-use
regulations are actually applied to limit the potential for damage within the hazard
zones identified. Otherwise, we will have gained little or nothing of tangible value
from our scientific research and endeavors.

By the same token, successfully predicting seismic intensities for an area
should provide a framework not only for estimating probable losses, but also, and
more importantly, for estimating the type and quantities of resources likely to be
required to ameliorate the effects of the earthquake on people and structures in
those areas.

If an area's ground motion and shaking potential can likewise be predicted,
building codes and retrofit regulations can be much more finely tuned than at
present. This affords us the possibility of selective, and overall much less costly,
hazard mitigation than the blanket codes and regulations we deal with today.

In actually reducing earthquake hazards, the element of time is just as
important as knowledge of the terrain. If we know when an earthquake will strike,
we can be far better prepared, and we can save far more lives, than is the case if
we are caught totally by surprise.

The information on earthquake hazards and techniques for integrating scien-
tific knowledge into specific preparedness plans to be presented at this workshop
will make a major contribution toward SCEPP's goal of actual, practical hazard
mitigation. We are, therefore, fully behind the objectives of this workshop. 'We
look forward to your discussion. We have high expectations of applying in practice
many of the ideas you will present.

As a member of the business and industry sector of southern California, |
might add that the implications of having this information are as important to the
business community as to government. In fact, | believe that the risk of potential
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damage and disruption to business and industry from a catastrophic earthquake is
as great or greater than to any other sector of the community. | look forward to a

productive two days resulting in advances in our earthquake hazard-reduction
efforts.
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WORKSHOP GOALS OF THE
SOUTHERN CALIFORNIA ASSOCIATION OF GOVERNMENTS

Mark Pisano

On behalf of the executive committee and current president, Kay Ceniceros,
of the Southern California Association of Governments (SCAG), | am pleased to
extend both our appreciation and full cooperation in preparing and participating in
this conference.

As one looks at the issue of earthquakes and catastrophic events, one begins
to appreciate more fully man's relationship to the environment. That relationship
is the key not only to self-reliance as an individual, but also to survival.
Furthermore, it is the potential magnitude of a major earthquake in this region
that really confronts that relationship. With this in mind, | recalled a discussion
that | had several years ago with SCAG's then president Pat Russell, who is now the
president of the City Council of Los Angeles. She told me that during an
earthquake test at one of the national centers in which the City Council had
participated, she arrived at the realization that an earthquake responder is the
quintessential role for a local elected official. It is where men and women really
to come to grips with this threat to their survival. Why did Pat Russell say that it
is the quintessential role? How is that built into the response, and what is the role
of local government?

Essentially, it is through the local community, cities, and neighborhoods, that
we begin to understand the geology with which we're living, and that we can relate
it to our own existence. If individuals are to respond to their environment, then
they must be able to relate it to their day-to-day lives, and not as some abstract
planning exercise or threat. What is needed is an actual internalization of "this is
the environment I'm living in, and this is how | am going to cope with it under all
circumstances.”" To that extent, the activities of local government, whether by the
community plans that they prepare, or through community organizations that
develop an understanding of the surrounding environment, will build into the public
consciousness and subconsciousness what is going to be necessary in times of
emergency.

Local governments are increasing their preparedness activities, and it is
through the relationship with scientific, technical, and other communities that
local governments, neighborhoods, and individuals are going to develop all the tools
necessary to respond to a damaging earthquake event. Another observation is that
in a region the size and complexity of southern California, we must clearly
understand the faults and their relationships to our cities. Another factor that will
be critical in our response is the fact that local governments are becoming

Transcribed and edited from audiotape.
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interdependent. For that reason, SCAG has become increasingly active at a policy
level and at a staff level. At a policy and staff level, that relationship is becoming
crystallized with the Southern California Earthquake Preparedness Project (SCEPP)
and the California Office of Emergency Services. We can in fact take the
information that Tony Prud‘homme of SCEPP mentioned in his opening remarks and
implement it into the policy structure of SCAG as we prepare a regional
development guide (an overall regional growth plan). These environmental plans
and hazard information will help local governments and individuals come to a
necessary understanding of what will be needed during the response period after a
major earthquake.

| want to congratulate those who have organized this conference, and | want
to underscore the one element that | think is critical in the deliberations of this
conference: that the technical/scientific community is interacting with the policy-
making and political leadership. It is absolutely critical; | laud the conference
organizers; and SCAG wholeheartedly supports the conference.
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WORKSHOP GOALS OF THE FEDERAL EMERGENCY MANAGEMENT AGENCY

Richard W, Krimm

| am pleased tfo be here and to participate in what promises to be a
challenging and productive workshop.

| would like to take a few moments to describe briefly the National
Earthquake Hazards Reduction Program (NEHRP) and the Federal Emergency
Management Agency's (FEMA) role in this program in order to establish the context
for a discussion of research that is being conducted, as well as research needs in
the NEHRP.

Congress enacted the Earthquake Hazards Reduction Act in 1977, its purpose
being the reduction of the risks to life and property in the United States from
future earthquakes through the establishment and maintenance of an effective
national program. The NEHRP brought together the earthquake-hazard related
research programs, already well underway, of the U.S. Geological Survey (USGS),
National Science Foundation (NSF), and the National Bureau of Standards (NBS)
with the activities of FEMA to form an integrated and comprehensive Federal
program. These agencies constitute the four principal agencies of NEHRP.
Congress has designated FEMA as the lead agency for the NEHRP, with responsi-
bility for developing, leading, and coordinating the program.

The five-year plan for the NEHRP, which was transmitted to Congress in
January 1985, translates the purpose and objectives of the Earthquake Hazards
Reduction Act into a program consisting of five major elements, and outlines
specific goals and objectives for each element. These elements are the following:

)  Hazard Delineation and Assessment

2)  Earthquake Prediction Research

3)  Seismic Design and Engineering Research

4)  Preparedness Planning and Hazard Awareness

5)  Fundamental Seismological Studies

It is clear, as one considers the activities which make up these elements, that
the NEHRP is heavily weighted towards research. In fact, of the program's $70
million budget in fiscal year 1985, approximately 74 percent, or about $52 million,

is allocated to research and related studies. This statistic concerns me, as it
suggests an imbalance of resources and priorities in a program Congress intended
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to implement activities to reduce the earthquake risk to life and property. | am
equally concerned with the type of research being supported by the program -- is it
relevant for the implementation of hazard reduction activities and how can it be
made more so? If research is not thoughtfully and effectively translated into
results which can be implemented by municipal, state and Federal government
agencies, and the private sector, then it does not serve the goal of the Earthquake
Hazards Reduction Act, which is the enhanced safety and welfare of the American
people.

FEMA is acutely aware of the need for research to be readily applicable by
those elements of society with the authority, responsibility, roles, and resources to
carry out earthquake-hazards-reduction activities. FEMA's principal clients under
NEHRP are state and local governments, which have the primary and ultimate
responsibility for implementing (in terms of hazard reduction) the results of
research performed by the other principal agencies of the NEHRP. For this reason,
FEMA's earthquake program is designed to utilize these research results by
supplying state and local governments with the tools and technical and financial
assistance needed for them to plan for, mitigate against, respond to, and recover
from earthquakes.

| suggest that the NEHRP may be undertaking too much basic research, and
that research which is being conducted may not be as relevant as it should be to
support implementation activities. It is my sincere hope that this workshop will be
able to address and focus on at least my second point, and to use it as a theme
throughout the discussion and deliberations cf this workshop.
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EARTHQUAKE RESEARCH SUPPORTED AT THE NATIONAL SCIENCE FOUNDATION

William A. Anderson
National Science Foundation

INTRODUCTION

The National Science Foundation (NSF)is one of the major participants in the
National Earthquake Hazards Reduction Program (NEHRP) along with the Federal
Emergency Management Agency (FEMA), the U.S. Geological Survey (USGS), and
the National Bureau of Standards (NBS). | was asked to provide a brief overview of
NSF's earthquake research program. Our research program is divided into five
categories in two different directorates.

ENGINEERING DIRECTORATE

Siting and Geotechnical Systems

This research addresses the fundamental engineering issues related to earth-
quake ground shaking and describes earthquake interactions on geologic structures
including- surface and subsurface soil and rock systems. The primary research areas
are strong ground motion, stability of geotechnical systems, tsunami systems
engineering, and lifeline systems.

Structural Systems

The purpose of this research is to develop the capabilities to predict the
behavior of structures during earthquakes, establish practical guidelines and
methods for engineering design against earthquake loading, and provide economic-
ally feasible methods to strengthen existing hazardous structures. Some specific
research areas are dynamic non-linear systems, new and reliable design methodo-
logies, computer simulation, knowledge-based computer systems, damage-assess-
ment methodologies, and lifeline systems.

Architectural and Mechanical Systems

Research is conducted on architectural and mechanical components and
systems whose failure during an earthquake could result in serious loss of life,
damage, economic losses, and disruption. Examples are architectural and
mechanical components in buildings such as glass and exterior cladding, elevators,
building mechanical systems, power generation and transmission facilities, building
contents, communication systems, and masonry structures in which architectural
and structural systems may be integral. Motion mitigation systems such as
dampers, active control systems, and base isolation devices are also considered.
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Earthquake Systems Integration

This category of research supports research and related activities for the
integration of knowledge-producing and knowledge-using systems. Key areas of
research include: earthquake mitigation planning; earthquake preparedness plan-
ning; impacts, recovery and reconstruction; and technology delivery.

ASTRONOMICAL, ATMOSPHERIC, EARTH,
AND OCEAN SCIENCES DIRECTORATE

Fundamental Earth Sciences

This research develops the fundamental understanding of the tectonic condi-
tions necessary for earthquake occurrences and provides a framework for earth-
quake prediction and hazard evaluation. Areas of research include plate tectonics,
crustal structure, seismology, crustal deformation, and volcanism and landslides
related to earthquakes.
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EARTHQUAKE PREDICTION AND HAZARDS EVALUATION IN THE YEAR 2000
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EARTHQUAKE PREDICTION AND HAZARDS EVALUATION
IN THE YEAR 2000 -- A DIALOGUE |

Clarence R. Allen, California Institute of Technbiogy
and

Richard A. Andrews, California Governor's Office of Emergency Services

INTRODUCTION by Walter W. Hays, United States Geological Survey

Decisionmakers have different perspectives about geologic hazards than
scientists and engineers., These differences, which have been summarized by
Szanton (1981, table 3-1)%, are the reasons that implementation of loss reduction
measures are difficult. The differences are:

o}

The ultimate objective of the decisionmaker is the approval of the
electorate; it is the respect of peers for the scientist/engineer,

The time horizon for the decisionmaker is short; it is long for the
scientist/engineer, ‘

The focus of the decisionmaker is on the external logic of the problem;
it is on the internal logic for the scientist/engineer,

The mode of thought for the decisionmaker is deductive and particular;
it is inductive and generic for the scientist/engineer,

it

The most valued outcome for the decisionmaker is a reliable solution;
is original insight for the scientist/engineer,

The mode of expression is simple and absolute for the decisionmaker; it
is abstruse and qualified for the scientist/engineer, and

The preferred form of conclusion for the decisionmaker is one of "best
solution” with uncertainties submerged; it is multiple possibilities with
uncertainties emphasized for the scientist/engineer.

With these principles in mind, let us now turn the clock forward to the year 2000
and a discussion between a decisionmaker and a scientist as they seek to resolve
their philosophical differences and reach solutions to problems of earthquake-
hazards reduction.

| Transcribed, condensed, and edited from audiotapes.
2 Szanton, Peter, 1981, Not well advised: Russell Sage Foundation and The Ford
Foundation, New York, 173 p.
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Richard Andrews: | became involved in the earthquake business about four-and-
one-half years ago. Literally the first day | worked in this business after 14 years
as a professor of history, | attended a cocktail party that was held in West Los
Angeles where a number of people were gathered to inaugurate the beginning of an
earthquake task force in the state of California. A comely young lady came up to
me and said, "You realize, of course, that earthquakes are Mother Nature's way of
crying out for love." Having dismissed that comment, | thought we had made
considerable progress in earthquake-hazards reduction efforts here in California
during the past four-and-one-half years. However, in the aftermath of the 1985
Mexico earthquake, many emergency services workers here became subjects of
great media attention. One Friday afternoon, a colleague and | had the pleasure of
appearing on a mid-afternoon television talk show before a live audience. We were
last on the program, following Prince and Michael Jackson look-alikes, Melissa
Manchester, Redd Foxx, and a break-dancing act. We then had the pleasure of
telling the audience about all the death and destruction facing southern California
in a major earthquake. [t was then that | thought back to the young woman's
comment at the cocktail party, and wondered if we truly had made any progress in
the past four-and-one-half years.

What | would like to do very briefly is to provide an overview of where we are
and where we might be going in this business that we're collectively involved with.
| returned recently from Mexico City. One of the major lessons | came away with
from that experience was that the problems the Mexican government and people
encountered in that tragic series of events were compounded by the difficulty of
various systems of government and various disciplines knowing how to talk to one
another. In some cases it was literally the problem of physically not being able to
talk to each other, but more importantly it was a problem of really not knowing
what the other one was saying. | think conferences like this workshop are very
important to bridge that gap so that we do learn to talk to one another. As Bill
Medigovich, the director of California Office of Emergency Services, said this
morning in his opening comments, we need mutual respect among the disciplines.
There is need for an early dialogue in which the users of geotechnical information
help define what the information needs to be.

In California, the fundamental problem we face is simply the issue of time.
All of the discussions that we've had today could be much more informed if we
knew what time frame we were talking about. How quickly do we need to apply
the information that we have? Do we have five years, five days, or five hours
before an event occurs here that is on the scale we have talked about. In the
absence of that basic knowledge, we are left with a high degree of uncertainty that
causes much impatience. Those of use who are involved in the policy side or the
emergency response side of earthquake hazards reduction get very impatient with
some of the debates that go on. In part that impatience is the consequence of two
different systems -- the academic research system colliding with people who are
involved in emergency response and in direct life-saving activities.

It's important to recognize that we have made great advances, particularly in
awareness. If the big earthquake happens tommorrow, there will be fewer people
in southern California surprised that it happened than would have been surprised
four-and-one-half years ago. | think we have convinced people that this is
inevitable in our future, but beyond that again the question is time.
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Unquestionably, the research that has been carried on over the last decade has
helped narrow that focus of time, but we are still left with a high degree of
uncertainty. In California there have been unprecedented levels of commitment to
the earthquake program. Just in the last 15 months, Governor Deukmejian has
signed legislation appropriating over 2.5 million dollars for previously non-existent
programs in the area of seismic safety. It's clear that there is a commitment by
both the Governor and the Legislature to seismic safety. If | was asked what would
have the greatest impact in the short run for managing an earthquake disaster in
California, | think it is the emergency response phase. After reviewing the events
in Mexico City, | don't care how good a communications system we have or how
rapidly we respond. If we have thousands of people trapped in large buildings, no
matter how effective our search and rescue efforts are, we are not going to save a
lot of those people. In the long run, the way we're going to save people is through
building safe structures. We know how to build earthquake-resistant buildings. The
question is simply: who should do it and who should pay for it? Once we resolve
these problems, we'll be along the way towards creating an earthquake-resistant
environment,

A little bit about earthquake prediction. The only way we're going to make
advances in earthquake prediction is to continue the dialogue we're undertaking
here today. We must learn how to understand and to have mutual respect for one
another. | think for the scientific community there is a tremendous challenge in
learning how to deal in the public arena, and learning how to deal with real-time
geology and real-time seismology. It's a very different situation than dealing with
the research laboratory or dealing with scientific exchanges ‘with colleagues.
We've made some progress in that area, but we need to learn from every
experience that comes along, from things like the Parkfield prediction and from
the San Diego earthquake-warning experience we had in June, 1985. In spite of all
the denials by scientists that we can predict earthquakes, | walk in on a Tuesday
and someone hands me a paper and says, "Guess what, the USGS thinks there's an
increased probability that over the next five days there may be an earthquake of
damaging potential in the San Diego area." At that point, all the probabilistic
statements go out the window and you're forced to deal with a real situation. It was
in part only because of the relationship that had been established between the
emergency managers in California and the scientific community that we were able
to work our way through.

| think we need to continue to talk to each other, 1 think, though, we do need
to change the order. It's not simply that we are the users of the this information, |
think we are also the ones who need to define the direction to go. After all, the
name of the program is "The Earthquake Hazards Reduction Program" not the
earthquake research program. The name of the game is saving lives, not simply
doing eloquent papers.

Clarence Allen: | am going to try to hit two topics in the next few minutes. First
of all, where are we likely to be in the year 2000 in terms of the scientific effort in
earthquake hazards reduction, and secondly, what are the difficulties and the
frustrations that we have as scientists in our interactions with users? One thing
that impresses me is that the year 2000 is not very far away. It's only |5 years; |
might still be here. If we had asked, "What might be the status of hazard reduction
in 100 years?" it would be much easier to answer. | could then wave my arms about
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prevention and control and all sorts of intriguing possibilities, but for the next |5
years, | think we're forced to be somewhat more realistic and more practical in
what we think might actually happen in that relatively short time period.

Let's look back 15 years and see what the next 15 might hold in store. Where
were we in 1970? Well, partly because of the fact that the 197! San Fernando
earthquake hadn't yet happened, | think there was far less general concern among
the populace in the United States than there is today about earthquake hazards.
The 1964 Alaskan earthquake had indeed been a major disaster, but somehow that

didn't come as close to home as an earthquake in a metropolitan area such as Los
Angeles.

In 1970, interest in this country was increasing in the field of earthquake
prediction. Some very intriguing results had come out of Russia that were well
known at that time. Many of you will remember the Vp/Vs controversy. | think it's
safe to say that we were just beginning to get a real interest in earthquake
prediction, but that it wasn't yet a major scientific effort. The USGS professional
paper on the 1968 Borrego Mountain earthquake was in preparation in 1970, and one
very significant chapter by Malcolm Clark and others described a trench
excavation across the Coyote Creek fault that was used to infer slip rates and,
under certain assumptions, recurrence intervals of earthquakes.

In 1970 the communication between scientists and engineers, and with the
user groups, was minimal as compared to what we have today. A meeting such as
this workshop was almost unheard of at that time. A lot has happened in. the |5
years since 1970, and | see no particular reason why the next |5 years should not be
equally productive. A lot more people are working on the problem than there were
15 years ago, including many from industry. Indeed many of the most significant
fundamental contributions to our scientific understanding of earthquakes and
hazard evaluation have come from people in the consulting geotechnical and
engineering communities. Moreover, earth scientists are working together with the
engineers far better today than we were at that time.

Where are we going to be in the year 2000, only 15 years down the line? |
think that we're going to find that earthquake prediction in the medium- or short-
term sense -- which is really what the term "prediction" means to the public -- will
not be a routine procedure by the year 2000. We hope we will have made major
progress, but | simply don't visualize that we will be routinely predicting damaging
earthquakes by that time.

By the year 2000, another Parkfield earthquake should have occurred. | think
the whole future of the prediction research program is going to depend to a
significant degree on what happens at Parkfield. A very major effort is being made
there. We will have very good instrumentation in that area and | think that the
experiment is going to be critical. If the earthquake is really preceded by
precursors -- even if they're recognized only in retrospect -- a very significant
boost to the earthquake prediction program will occur. However, if the earthquake
is not preceded by physical precursors, which is certainly a real possibility, we may
instead be turning a greater proportion of our effort toward hazard evaluation. So,
| would emphasize that the Parkfield experiment is very critical, and we must be
very honest in our evaluation of it. If the earthquake occurs, and we in fact see no
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physical precursors, | think we will have to reconsider the possibilities of realistic
predictions in other earthquake-prone areas during the coming years.

| think we're going to find by the year 2000 that geodetic measurements are
of greatly increased importance, not only in terms of possible prediction, but in
terms of hazard evaluation. The implementation of new systems such as the Global
Positioning Satellite (GPS) is going to revolutionize geodesy. We'll have a much
better idea |5 years from now of what kinds of deformation are taking place within
the State, not only short-term deformations that might be precursory to individual
earthquakes, but long-term deformations that might be telling us what parts of the
State are the most dangerous in terms of strain that is slowly building up. | think
we are going to find that geodetic measurements will be a more important part of
our scientific program than they are now, largely because of improvements in
instrumentation.

Furthermore, | think we're going to find, as we've already seen in the last two
or three years, an increased reliance on probabilistic approaches, and not just those
that depend on a and b values from historic earthquakes. These probabilistic
approaches will depend very heavily on other kinds of relevant data such as
geologic deformation rates and paleoseismicity. Paleoseismicity studies will have
multiplied manyfold, and maybe by that time we'll even understand why the 1886
Charleston, South Carolina, earthquake occurred. By the year 2000, further
disastrous earthquakes will have hit the United States. Although probably the
"biggie" on the San Andreas will not have occurred yet, we can say that two or
three magnitude 6 or 6é-plus earthquakes will probably have occurred in the
southern California region, and one or two of those probably will have occurred in
the metropolitan areas of Los Angeles, San Bernardino, or San Diego. | also predict
that at least one or two of these earthquakes will come as a complete surprise to
the geologists and the geophysicists and will have occurred in an unexpected place,
at an unexpected time, and in an unexpected way -- in somewhat the same manner
as the 1984 Coalinga earthquake surprised us.

Let me turn now to some of the problems that we as scientists face in
interacting with the users. One of these is the rather surprising speed with which
the disaster preparation people have leapt upon the possibility of earthquake
prediction, even though the scientists are still far away from that ultimate
objective. Now | appreciate that we as scientists have to bear some of the guilt.
Perhaps we oversold the program to you people. Yet, we are surprised that people
are gearing up to respond to an earthquake prediction when we're really not very
close to making realistic scientific earthquake predictions in most areas. Secondly,
I think we're a bit frustrated at the willingness and even the eagerness of the
public, the press, and even some government agencies to accept alleged earthquake
predictions from some questionable sources. Again, we're not without guilt in our
dealings with the news media and with the public, but this is an area where we feel
very uneasy and a have certain sense of frustration. Thirdly, | think we're a bit
unhappy with the lack of understanding or even sympathy towards probabilistic
kinds of statements. | remember several years ago a dam owner telling me: "Don't
give me all this nonsense about 'probabilities and acceptable risk!, just tell me
whether the dam is safe or not." Well, | wish that the world were that simple. |
think the increasing trend towards probabilistic approaches is indeed very valuable,
although Dick Andrews might disagree with this.
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Another area of frustration for us, to be very blunt, is the absence of
stability in the disaster preparation agencies, which seem to be political footballs
whose ranking people come and go with the tides of political change. I'm not sure
any of us know the answer to that problem, but trying to deal with the rapid
turnover in governmental agencies certainly has been an area of some frustration.

Fifthly, and | suspect Dick Andrews would agree with this, is the lack of
response from the community despite our repeated warnings. Just how many times
do we have to repeat that the San Andreas is capable of a large earthquake? I've
lived here since 1930, and I've heard this statement repeatedly since that time, yet
we still have people saying, "Oh, the San Andreas is a dangerous fault? Why didn't
you tell us?

Finally, I'd like to close with a question for Dick Andrews. For those of us in
the scientific community, it's really not completely clear what type of scientific
information on earthquake hazards is of the greatest use to the public. Let me just
ask this question. The newly published USGS Professional Paper 1360 speaks of a
magnitude 6.5 earthquake on the Newport-Inglewood fault as being of serious
concern to the Los Angeles area. Dick, which would be more valuable to the user
community: a valid prediction of a magnitude 6.5 earthquake on the Newport-
Inglewood fault at a specific place next week, or a valid probabilistic statement of
its likely occurrence during the next 50 years? Those two scenarios aren't
necessarily mutually exclusive, but to some degree they represent different
avenues of our research.

Andrews: Being one of those short-time political people from a disaster
preparedness agency, I'll ask for the short-term prediction!

| think that Clarence has raised many good points. The year 2000 is not very
far away and to acomplish anything in the way of significant hazard reduction in
southern California, or in the state of California, or even across the United States
we're going to have to inaugurate additional programs now. | think the whole issue
of probabilistic statements for expressing earthquake potential to the public is one
that we need to approach through trial and error. In the San Diego experience, the
final public announcement said that one in 20 sequences like the one that occurred
the night before have resulted in a damaging earthquake. We thought this was a
marvelous way of getting around the uncertainty of saying 5 percent -- 5 percent
of what? Then we had a session in San Diego with the various people there who
were involved with the issuance of the prediction and one man from the media said
"Who ever came up with that stupid idea saying one in 20 historical incidences?
Why didn't you say 5 percent? Everybody understands that." The whole issue of
how the statements that we make to the public are expressed is one we really need
to approach carefully.

One of the things | think is most frustrating for people involved in public
agencies at any level is the difficulty of having to choose among the experts at a
time when the decision needs to be made. It is frustrating to poll seven or eight
seismologists and to get different opinions about what may be going on. | think the
scientists need to recognize that they are dealing in a public arena with something
that is of much greater consequence than simply the respect of their colleagues:
namely the life and safety of the people of California. We need to be closely
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coordinated on any kind of future predictions that are made. It's just not good to
have one group of scientists saying that "Yes, it is going to happen with this kind of
probability" and to have three or four other scientists quoted the same day in the
paper disputing this conclusion. | think that undermines the entire effort that
we're involved in.

Over the next |5 years | think the major thing we need to pay attention to, in
addition to improving our response capability, is dealing with the thousands of
hazardous structures we have in California. We need to develop a cost effective
way to begin to retrofit these and we need to begin to recognize that it is
fundamentally a political problem, not a technical problem, that we are dealing
with, We clearly have enough information to significantly reduce the earthquake
hazard here in California. Scientists need to recognize that their responsibility
doesn't simply end with doing research, but that they need to participate in
providing testimony to legislatures and they need to speak with a clear voice. |
know that this goes against the grain in many ways of what the academic and
research community is all about, but for too long some members of the earthquake
research community have enjoyed being prophets without honor. They enjoy sitting
in their rooms and saying, "Nobody pays attention to us and we really know what to
do." Instead they need to be exposed to the light of day or to the glare of
television cameras. | would emphasize that we need to go forward together in this
enterprise. Clarence Allen pointed to the frustrations with regard to disaster
preparedness and the fact that emergency managers have grabbed onto earthquake
prediction. We're guilty of some of that, but from the public safety standpoint,
earthquake prediction is not a research activity but an operational reality. We
need to approach it from that standpoint and go forward together.

Allen: Dick, one of your charges is that the scientists don't have ‘their act
together and that various people are saying different things to the detriment of the
rest of the community; certainly this has sometimes been true. | might point out
that the people in academia have an advantage over those in government.
Whenever somebody in government speaks at almost any level, the public somehow
assumes that that person is speaking for the government. Everyone knows,
however, that when a professor speaks, he's not representing anybody, and this has
led to a certain amount of irresponsibility on the part of people in academia
making statements, as | emphasized in my presidential address to the Seismological
Society of America in 1975. Earthquake prediction represents a very special areaq,
and if one wants to stick his or her neck out, then he or she then has an obligation
to defend himself or herself in public. It's quite different from other scientific
endeavors. Nevertheless, earthquake prediction is still in a research phase. No one
in the world claims to have an earthquake prediction scheme that's operational and
reliable. Thus, it's inevitable that scientists are going to have different opinions
and, in our society, we think that's good. That's the way progress is made: by
competing opinions, theories, and hypotheses.

Let me ask you this, do you think the Japanese have their act together better
in the Tokai prediction than we do, and should we try to emulate them?

Andrews: Yes, | think they do. In the Tokai area they have a special situation in

some ways comparable to Parkfield. They have identified what they think will be
the site of a large earthquake and precursors that will only be manifested in the
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short term before the event. Whether in fact that will happen or not, we don't
know yet. But in terms of organizing and managing the earthquake prediction
effort, 1 think they do have their act together. It is impressive to travel around
Japan and talk to people who are involved in the prediction program. They all
seem to understand how it is supposed to work if they begin to get anomalous
behavior indicated on the instruments. In contrast, | think that if we went around
this room and asked people to explain the functions of the National and the
California Earthquake Prediction Evaluation Councils, fewer than 50 percent of the
people could provide a very clear answer as to what their roles should be.

Allen: Let me give a somewhat less optimistic point of view on the Japanese
effort. In the first place, we have to recognize that the Japanese are putting much
more money into earthquake problems than we are. Clearly, the problem is more
important in Japan than in the United States. But | think the Japanese scientists
may be sticking their necks out a bit too far in the case of the Tokai prediction.
They've identified only one area for an impending earthquake, and this is where
virtually all the effort is going. | would be willing to predict, on the other hand,
that the next major earthquake in Japan is not going to be in the Tokai area. | think
that their scientific community and their political leaders are likely to find
themselves in some trouble as a result. Although scientists in Japan may appear
unified, I'm not sure that's entirely desirable. | would argue that the various
voices we are hearing in this country on the prediction problem, as well as on other
aspects of hazard reduction, are in fact beneficial to the long-term solution of the
earthquake problem.

Andrews: et me ask you a question, Clarence. What would you say is the
responsibility of an individual scientist in the event that there is a statement from
the California Earthquake Prediction Evaluation Council regarding a consensus
that's been reached about an event that's expected within 10 days? What is the
responsibility of other members of the scientific community. Should they comment
on that publicly? And what role do you think they should play?

Allen: Well, | agree that they have to be very careful. The memberships of
both the State and the National councils have been chosen to represent a wide
spectrum of scientific opinion. If those councils come out with a judgement that
represents a relatively unanimous opinion, then | think scientists have to be very
careful in the statements they make. On the other hand, | see no reason for not
offering criticism. | don't think it's necessarily irresponsible to offer criticism
providing one does it in a way that allows one's opinions to be tested publicly. But |
would certainly agree with you that once there seems to be a consensus, then one
has to be careful as to what one says.

I'm intrigued by your response that the magnitude 6.5 prediction will be
better than the probabilistic statement, I'm not really sure | agree with you. |
think that from the point of view of building codes and land-use planning over the
next 50 years along the Newport-Inglewood fault and the adjacent parts of Los
Angeles, a correct probabilistic assessment of what's going to happen on that fault
in the next 50 years might be more beneficial to the citizens of this city than the
prediction of an event two weeks from now, which is going to be hard to prepare
for anyway.
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Andrews: Again, | think we come down to a basic conflict of responsibilities to
the many thousands of people that may be killed in that magnitude 6.5 event on the
Newport-Inglewood fault. 1 think that the only thing they would be reminded of is
the economist's statement that in the long run we are all dead anyway. In the short
run, it is the problem that we would need to focus on and if we're talking about an
event that could result in 35 or 40 billion dollars in property losses and tens of
thousands of people being killed | think that, again, | would bet on the short-term
prediction even recognizing that it would create tremendous problems.

Allen: How is the prediction going to save that 35 billion dollars?
Andrews: It's probably not.

Allen: What is the value of two week's lead notice?

Andrews: It will save lives; it has the potential of saving lives.

Allen: On the other hand, the long-term prediction might well save a large
part of that 35 billion dollars, as well as many lives in the future.

Andrews: | hope that those aren't the type of binary choices that we're facing in
all of this. Again | would say a 50-year probabilistic statement in some ways begs
the fundamental question.

Allen: It's not really a choice of one to the exclusion of the other. The
scientific efforts we're making towards trying to predict earthquakes are based
upon identifying physical precursors for short- and medium-term predictions. In
terms of hazard evaluation, we're looking at sequences of past earthquakes and
probabilistic approaches. So to some degree the choice we have to make is about
where to spend our money: how much should be put into earthquake prediction
versus hazard evaluation? | think this is a serious and difficult question.

Andrews: If | had to make the choice it would be on the development of those
kind of data that can help us in the long run reduce the overall seismic hazard.
Earthquake prediction alone is not going to help solve the complex problems that
are involved in seismic safety in California or elsewhere. | don't think our debate
should be over how we divide up what is already a very small pie. We ought to be
making a case of why we need to increase the overall level of effort and resources
that are devoted to this problem. Many resources have to come from here in
California because the problem is both a State problem and a local government
problem. [ think we have taken steps in the last few years to provide a certain kind
of independence in California for the programs that we're involved with. And we
need to continue that because | don't think the earthquake solution can be driven
solely by Federal priorities and Federal funding.

45
pigqe yn {;l(ws






EARTHQUAKE PREDICTION AND HAZARDS EVALUATION
IN THE YEAR 2000 - DISCUSSION

This session was moderated by Walter W. Hays. Those commenting were
Clarence R. Allen, Richard A. Andrews, Valerie R. Kockelman, Anthony
Prudthomme, James E. Slosson, James J. Watkins, Edward M. O'Connor, Rache! M.
Gulliver, Gary C. Hart, and others who were not identified. The following was
transcribed, condensed, and edited from audiotapes by William M. Brown Ill.

Valerie Kockelman thought that the public should be made aware of any
earthquake prediction, thereby being given a choice about what actions to take.
Allen agreed, suggesting that scientific predictors take a realistic point of view: if
they tried to keep a prediction secret, that would almost guarantee that it would
not be a secret.

Prudhomme expressed concern that the dialogue had focused almost
exclusively on earthquake prediction, and called for more attention to preparedness
planning. Given that there will be a major earthquake in southern California,
concerted efforts should be made throughout the community to deal with hazardous -
buildings, nonstructural hazards, and emergency planning. Prud'homme felt that
earthquake prediction was almost irrelevant, and that the focus should be on
retrofitting buildings and educating the public about the inevitable earthquake.

Andrews noted that the focus on prediction arose from the topic he was asked
to address, but in general agreed with Prudhomme about a comprehensive,
balanced approach to the earthquake problem. Andrews felt that the basic issue is
the question of time, and quoted Paul Flores: "Quite simply, in Mexico City, the
preparedness time ran out." Andrews described the phased approach to earthquake
preparedness, noting that constructing earthquake-resistant buildings is a long-
term solution. In the interim, however, cost-effective ways must be found to
reduce the loss of life and property. Perhaps earthquake prediction fits into the
interim strategy of preparedness.

Allen argued that recognizing the earthquake threat and preparing for it is
not the whole answer. Engineers need to know which earthquake (magnitude,
intensity, and local geology) to incorporate into their designs. For example, in the
cases of the Diablo Canyon and San Onofre nuclear power plants, strong earthquake
shaking has been designed for. The problem becomes one of designing those plants
for appropriate levels of public safety. The appropriate level of shaking for that
particular design is determined by geotechnical investigation.

Slosson noted that political perceptions about earthquake prediction were
used to resist the implementation of a building strengthening ordinance for the
City of Los Angeles. Because earthquake prediction. technology seemed imminent,
politicians argued against moving rapidly on the proposed ordinance on the basis
that evacuation was less costly than strengthening. Slosson saw reliance on
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prediction technology by politicians as an excuse for not making unpopular
decisions.

Watkins noted scientists have forecast a probable catastrophic earthquake in
southern California within the next 20 to 30 years, yet public officials are not
taking appropriate action. Therefore, neither earthquake predictions nor
probabilistic statements seem to be the proper motivators for comprehensive
preparedness.

Allen suggested that the 1985 Mexico earthquake did motivate action in
southern California. It was no accident that the Huntington-Sheraton Hote! in
Pasadena, California was declared unsafe shortly after the Mexico earthquake.
Also, a report on hazardous buildings on the University of California at Los Angeles
campus was released, and the building strengthening program of the City of Los
Angeles was accelerated immediately after the Mexico earthquake.

Andrews also expressed optimism about the political process with respect to
earthquake safety. Although not all earthquake-safety-related bills presented by
the California Legislature have been signed into law, none have been dismissed out
of hand, and most of the unsuccessful bills were not signed for very good reasons.
Andrews felt inactivity on the part of local government in earthquake preparedness
was abetted by difficult political and economic issues. Andrews thought that
programs to strengthen buildings would be more successful if there were a clearer
indication of the time available before the next potentially catastrophic
earthquake. A high degree of uncertainty about the time of its occurrence, with
some projections placing it as far in the future as year 2225, obviates political or
economic reasons to take rapid action on strengthening or rebuilding programs.

Allen, referring to Slosson's comments, agreed that politicians might rely on
earthquake prediction as an easy solution to their preparedness problems. To some
degree, however, scientists are responsible for that attitude because they were
unduly optimistic a decade ago about predicting earthquakes. Currently, if
scientists were to go before governmental bodies and say earthquakes cannot be
predicted, it would be difficult to get those officials to believe them.

An unidentified participant expressed great concern about the consequences
of predicting an earthquake that does not occur. Politicians do not look forward to
being involved in the disruptions resulting from an earthquake prediction for a
populated area. The consequences of possible evacuation, suspended economic
activity, and similar problems may prevent politicians from taking strong,
concerted action,

O'Connor speaking from his experience as a pioneer in prompting the
strengthening of existing buildings, urged the scientific community to press for
strengthening programs. Otherwise, decisions about strengthening are commonly
left to the building official, who might not be willing to take the pressure of
forcing owners to strengthen or rebuild their properties.

Gulliver asked about the prospects for dealing with hazardous structures
other than unreinforced masonry buildings. These include tilt-up buildings, mid-
rise reinforced concrete structures, structures with "soft" first stories, and certain
single-column bridges.
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Hart replied by referring to improperly framed 6é- and 12-story buildings. In
practice, Hart found that building owners generally will not review the earthquake
safety of their buildings unless forced to do so by law. Hart recommended that the
law require building owners to have earthquake-hazards reports prepared for their
buildings, and that these reports be made public. If a report is prepared, and is not
made public, then the effectiveness of that report is lost. The procedure is mainly

a political one, and it should somehow be applied to all major construction types
mentioned by Gulliver.
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EARTHQUAKE AND SURFACE-FAULTING POTENTIAL IN SOUTHERN CALIFORNIA—-
CURRENT KNOWLEDGE AND MAJOR UNRESOLVED QUESTIONS

Joseph |. Ziony
United States Geological Survey

INTRODUCTION

To avoid or to accommodate the destructive effects of earthquakes in the
metropolitan areas of southern California, planners and engineers must know which
faults are likely to slip suddenly and what the results of such movement will be.
Information needed includes estimates of the location of potentially active faults,
their relative activity, the size and frequency of damaging earthquakes expected
along them, and their potential for rupture at the Earth's surface.

Considerable progress has been made since the late 1960's in developing
methods for estimating earthquake and surface-faulting potential from studies .
worldwide of major historical earthquakes and of the recent geologic histories of
active faults. Concurrently, intensive efforts by geologists and seismologists to
map and evaluate the earthquake-generating structures in southern California have
created a substantial data base that can be used to relate earthquake occurrence to
the geologic framework. As a result, our abilities to evaluate the earthquake and
surface-faulting potential for southern California are much better developed than
for most other earthquake-prone regions of the United States. Many significant
scientific questions, however, remain to be answered before more accurate
assessments can be made for the region.

SEISMOTECTONIC FRAMEWORK

Knowledge of the relation between earthquake generation and the geologic
framework is fundamental to understanding the potential for future earthquakes.
Several seismotectonic models have been proposed for southern California, that are
in general agreement about the basic plate-tectonic mechanism operating in the
region. Yerkes (1985), for example, provides a recent synthesis that places
earthquake generation in southern California within the context of a broad
boundary between the Pacific and North America crustal plates. Continuing
deformation along that boundary, caused by north-south compression derived from
relative motion of the plates, is expressed by right-lateral strike slip on the
vertical faults of the northwest-trending San Andreas fault system and by reverse
or reverse-oblique slip along the east-trending inclined faults principally within the
Transverse Ranges. Current earthquake activity is associated with both systems of
faults.
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Earthquakes in southern California generally occur within the upper 10 to |5
km of the crust, but there are some significant exceptions. Corbett and Hearn
(1984), among others, have shown that the base of the seismogenic layer may be as
deep as 22 km along parts of the south front of the Transverse Ranges. Earthquake
epicenters north and south of the Transverse Ranges commonly form dense
alinements coincident with many of the faults of the San Andreas system. The
alinements are most pronounced for the San Jacinto fault, and, to a lesser degree,
the Whittier-Elsinore and Newport-Inglewood zones. The pattern of epicenters
indicates the distribution of slip on the vertical faults that compose the active
plate boundary; this boundary zone is about twice as wide south of the Transverse
Ranges as it is to the north, possibly because of some east-west extension south of
those ranges (Yerkes, 1985). Within the Transverse Ranges, in contrast, the
pattern of seismicity is much more diffuse and complex and can only locally be
clearly associated with mapped surface faults. Earthquake fault-plane solutions,
from which the sense and orientation of seismogenic fault slip can be derived,
generally agree with what is known about the Quaternary slip histories of the major
faults in the southern California region; fault-plane solutions and geologic data,

howe)ver, are discordant for the eastern Transverse Ranges (Webb and Kanamori,
1985).

Several major issues that are important for better understanding of the
regional seismotectonic framework need resolution: (1) The location, nature, and
kinematics of the boundary between the Pacific and North America plates below

. the seismogenic layer. Is the plate boundary offset northeastward from the trace
of the San Andreas fault in the western Mojave Desert? How are the deformations
transmitted to the seismogenic layer? (2) The configuration and thickness of the
crustal and lithospheric plates beneath the Transverse Ranges. Is there large-scale
detachment faulting beneath the ranges? Is there subduction (downwelling) of the
Pacific mantle lithosphere as proposed by Bird and Rosenstock (1984)? (3) The
detailed interaction between Transverse Ranges and San Andreas system faults.
For example, how are the Newport-Inglewood zone and the Santa Monica fault
mechanically coupled? Is segmentation of the Transverse Ranges frontal fault
system controlled by spacing of the San Andreas system faults to the south?
Answers to these questions will require thoughtful synthesis of available geologic,
geophysical, and seismologic data sets and application of new geophysical research
methods (for example, high-energy reflection and refraction seismic profiling, or
tomographic inversion of teleseismic data). Continued geologic mapping to provide
additional insight into the evolution of the regional structural framework is a
necessity.

LOCATION OF POTENTIALLY ACTIVE FAULTS

The geologic and seismologic character of southern California faults has been
intensively studied during the past two decades. As a result, most of the likely
sources of future major earthquakes and surface faulting have been identified and
delineated for the onshore region. In the Los Angeles region alone, 95 faults active
in the late Quaternary time have been identified and their general characteristics
are reasonably well known (Ziony and Yerkes, 1985, fig. || and table 5). Geologic
strip maps at scales of 1:24,000 to 1:12,000 have been published by the California
Division of Mines and Geology (CDMG) and the United States Geological Survey
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(USGS) for nearly all the principal Quaternary fault zones. Regional earthquake
catalogues, epicenter maps at various scales, and summaries of fault-plane
solutions associated with specific faults are available (see Yerkes, 1985, for the
principal sources of seismologic data for the region).

The distribution of Quaternary faults onshore is known reasonably well, but
continued field studies are necessary to refine estimates of the ages of the most
recent surface rupture along the different strands of each fault zone. Careful
documentation of the location and distribution of Holocene strands are especially
important in evaluating earthquake potential. Recent discovery of Holocene
faulting in downtown San Diego (Testing Engineers--San Diego, and others, 1985,
unpublished report)--the first in more than a decade of detailed mapping and
trenching of Quaternary faults in the San Diego area--demonstrates that the search
for and documentation of Holocene activity along suspect fault zones should be an
ongoing effort. The potential activity of many fault strands exposed solely in
Tertiary or pre-Tertiary bedrock remains to be assessed.

The 1983 Coalinga earthquake demonstrated that seismogenic slip can occur
along faults that do not completely penetrate the sedimentary rock cover.
Undiscovered potentially active faults, without obvious surface offsets, may occur
beneath the Los Angeles basin or other large alluvial basins of southern California.
ldentification of such structures will be possible only from improved locations of
microearthquake activity, from well-constrained fault-plane solutions, and from
documentation of late Quaternary folding or warping.

Information on potentially active faults offshore of southern California is
much less complete and reliable than for faults onshore. Offshore counterparts to
the Transverse Ranges and San Andreas fault systems have been mapped and
evaluated using acoustic-reflection profiling techniques (Clarke and others, 1985);
however, evaluating the activity of offshore faults is particulary difficult because
of uncertainties in determing the ages of offset rock and sediment at the sea floor,
in detecting the presence of faults in sediments having similar acoustic character-
istics on opposing blocks, and in interpreting the relatively incomplete and less
reliably located earthquake record offshore.

FAULT SLIP RATES

Geologically determined fault slip rates can be used to characterize the
relative activity of different potentially seismogenic faults in a region. Slip-rate
estimates are especially important because several new methods of seismic-hazard
analysis (for example, Anderson, 1979; Wesnousky, 1984 and 1986; Joyner and
Fumal, 1985) use slip rates to compute the average rate of seismic-moment release
on faults.

Reliable estimates of slip rates are known only for a few southern California
faults. Even data for either the horizontal, vertical, or dip component are sparse,
with component rates determined so far for less than 25% of the known active or
potentially active faults. Clark and others (1984) and Ziony and Yerkes (1985) have
summarized the available late Quaternary information, which vary greatly in
reliability. A provisional slip-rate map of the Los Angeles region (Ziony and
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Yerkes, 1985, fig. 21) assigns faults to one of four categories representing
estimated ranges in true slip-rate by taking into account available slip-rate data,
probable styles of fault displacement, and possible connections with other faults of
known rates.

The San Andreas and San Jacinto faults have late Quaternary slip rates of
about 25 mm/yr and about 10 mm/yr, respectively. The next most active system is
the belt of faults that extends diagonally across the Transverse Ranges from near
Santa Barbara to near San Bernardino; individual faults in this system have rates
that range from | to 6 mm/yr, the higher rates occurring where the belt is narrow
and composed of only a few faults (for example, along the south boundary of the
Transverse Ranges eastward from Pasadena). In contrast, rates for the southern
boundary faults of the Transverse Ranges west from Pasadena appear to be no
more than | mm/yr.

Closely constrained late Quaternary slip rates have not yet been determined
for the northwest-trending fault systems that lie west of the San Jacinto fault,
although Ziony and Yerkes (1985) have provisionally assigned rates of about |
mm/yr to each of these zones. Estimated rates for the Elsinore fault zone range
widely, from | mm/yr to 7 mm/yr. Investigations currently underway by T.K.
Rockwell (personal communication, 1985) suggest a rate of about 4 mm/yr.
Vertical component rates of 0.3-0.6 mm/yr, which probably are a fraction of the
actual slip rate, have been calculated for the Newport-Inglewood zone and the
Palos Verdes Hills fault; a slip rate of about 1.3 mm/yr can be calculated for the
Rose Canyon fault, a possible southern extension of the Newport-Inglewood zone.

The greatest deficiency in knowledge regarding southern California slip rates
is for the major northwest-trending fault systems that lie offshore--including the
San Pedro Basin, Santa Cruz-Santa Catalina Island, Coronado Banks, and San
Clemente Island faults. Late Quaternary slip rates for these systems presently are
unconstrained by reliable geologic data. Significant slip, however, could be
accumulating along them. A recently developed kinematic model (Humphreys and
Weldon, 1984; Weldon and Humphreys, in press) proposes that about one-third of
the total North America-Pacific plate motion (about 56 mm/yr) must be accounted
for by slip on offshore faults. [f this model is correct, nearly 20 mm/yr slip would
have to occur across these fault systems, a level of activity that would have major
implications for earthquake potential and hazard in coastal southern California.
Studies now being conducted (T.K. Rockwell, USGS Contract No. 14-08-0001-
22012) on the Agua Blanca fault in Baja California, with which several of the
offshore systems appear to converge, offer hope for testing the model and
providing slip-rate constraints on the youthful faults offshore the San Diego and
Los Angeles metropolitan areas. Another test of the model would be to conduct
repeat geodetic suiveys (using highly precise Very Long Baseline Interferometry
methods) between the offshore islands and the mainland to determine the amount
of slip currently accumulating across the inner part of the Continental Borderland.

Further detailed geologic studies are also needed to improve slip-rate
estimates for faults of the western Transverse Ranges. Better data might test the
validity of Yeats' (1981) model of 23 mm/yr convergence across the Ventura Basin,
resolve whether it is accomplished primarily by folding or faulting, and determine
how the slip is partitioned among the various exposed geologic structures.
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EARTHQUAKE POTENTIAL

Deciding whether a fault is capable of generating earthquakes and estimating
the magnitude of future events is a markedly qualitative judgmental process. The
judgments must take into account the fault's historical seismicity (if any), its
dimensions, geologic evidence of past slip events, relations with regional structure
and nearby seismogenic faults, and whether it extends to sufficient depth to store
and suddenly release large amounts of strain energy. Potentially seismogenic
faults in southern California include nearly all faults that have been active in late
Quaternary time and which are large and deep enough to penetrate high-shear-
strength basement rocks; important exceptions are several young faults in the
Ventura Basin possibly resulting from flexural-slip folding of the Tertiary and
Quaternary section. Judgments on size of future earthquakes commonly are based
on evaluative methods that use empirical relations between earthquake magnitude
and the dimensions of activated fault surfaces as determined from studies of
historical large earthquakes worldwide (see, for example, Bonilla and others, |984).
Methods for estimating the magnitude of future earthquakes on the basis of the slip
rate of a fault (for example, Joyner and Fumal, 1985) are beginning to be applied.

Ziony and Yerkes (1985) evaluated potential magnitudes of earthquakes for
faults of the Los Angeles region by taking into account the historical record of
large earthquakes, the [5-t0-20-km limiting depth for instrumentally recorded
seismicity in the region, and the range in dimensions of the late Quaternary faults
(particularly the lengths of their known Holocene strands). They concluded that
credible earthquake magnitudes for ordinary planning and design purposes are:
moment magnifude (M) 8 for the San Andreas; M7 for the San Jacinto fault zone;
Mé.5 for the other northwest-trending faults lying west of the San Jacinto; and
Mé.5-7.0 for the late Quaternary reverse faults of the Transverse Ranges. When
considering the design of critical facilities, however, they suggest larger events for
the latter two fault systems (M7 and M7.5, respectively) because of the possibility
that two or more overlapping or adjoining fault segments might rupture simul-
taneously.

The major unresolved issue with respect to the size of future earthquakes in
southern California is whether a very large (>M7.5) earthquake can occur within or
beneath the Transverse Ranges. Many of the late Quaternary faults exposed in the
ranges appear to link into systems |00 km or more long; the segments having
demonstrated Holocene offset, however, are discontinuous and range from a few
kilometers to a few tens of kilometers in length (Ziony and Yerkes, 1985). Several
researchers (Hadley and Kanamori, 1977; Yeats, 1981; Webb and Kanamori, 1985)
have speculated that a regional-scale low-angle detachment fault occurs beneath
the Transverse Ranges. Some models propose aseismic subduction of the litho-
sphere beneath the ranges, whereas other models would permit a large, low-angle
fault surface within the brittle crust. Investigations that could firmly establish
whether faults of large dimensions exist at depth within brittle crust could have
great significance for the evaluation of earthquake potential in that part of
southern California.

The potential sizes of future major earthquakes along the San Andreas fault

zone between the Salton Sea and Cajon Creek, just east of the southern end of the
1857 rupture, also must be addressed. We need to determine if the southern San
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Andreas fault can generate a great (M8) earthquake or whether the Banning fault,
with which the Holocene trace of the San Andreas merges, acts as an impediment
to through-going rupture and thus limits the likely earthquake magnitude.

Research on the segmentation characteristics of southern California fault
zones would help answer these questions. Large historical earthquakes in many
parts of the world appear to have been controlled or spatially limited by physical
discontinuities (for example, echelon steps across zones of strike-slip faulting)
along the strike of a fault. Studies such as that of Schwartz and Coppersmith
(1984) have shown that different segments of the same fault zone have distinctive
earthquake recurrence intervals and rupture repeatedly with characteristic earth-
quakes. Detailed analysis of fault-scarp morphology and of the spatial character of
late Quaternary fault segments in southern California thus could significantly
improve estimates of the sizes of future earthquakes.

RECURRENCE INTERVALS

Our understanding of earthquake recurrence for individual southern Cali-
fornia faults is quite limited. The historical seismic record of the region is too
short to reliably estimate the recurrence of potentially damaging earthquakes for
particular faults or fault zones (a possible exception is the record for the San
Jacinto fault zone, which has generated at least |0 major earthquakes since 1890).
Evidence of ancient earthquakes in the geologic record along some of the faults
can be used to estimate intervals between discrete episodes of surface faulting or
liquefaction; however, repeat times of major earthquakes have been estimated
directly from geologic information to date only for a handful of faults in the region
because of the rarity of suitable study sifes and the time-consuming, detailed
stratigraphic analysis required. Because of these difficulties, recurrence-interval
estimates commonly have been based solely on assumptions about the geologic slip
rate and the average slip (or seismic moment release) per event for individual fault
segments. Wesnousky (1986), for example, has estimated earthquake repeat times
for Quaternary faults in California by dividing the seismic moment for an assumed
fault-rupture length by a seismic moment release rate determined from available
slip-rate information.  Whether his method, which is based on statistically
determined generalizations from major historical earthquakes in different tectonic
settings worldwide, is validly applied to individual California faults has not yet
been established.

The few geologically constrained data for faults of the Los Angeles region,
summarized by Ziony and Yerkes (1985, table 11), indicate that segments of the
San Andreas and San Jacinto fault zones have generated major earthquakes in
intervals of several tens to a few hundred years. In contrast, the other potentially
active faults in the region have estimated recurrence intervals of many hundreds to
several thousands of years. By far the most complete record of prehistoric
earthquakes is for the San Andreas fault at Pallett Creek, where 12 events in the
past 1,700 years indicate repeat times ranging from 65 to 270 years.

Geologic information that would provide reliable estimates for earthquake

repeat times along most of the faults within or adjacent to the Santa Barbara,
Ventura, Los Angeles, or San Diego metropolitan areas has not yet been obtained.
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Recurrence intervals for these faults are particularly difficult to determine
because: (1) urban development has destroyed or masked late Quaternary geologic
features or deposits containing evidence of ancient earthquakes; and (2) the
chances for encountering paleoseismic evidence within a deposit representing a
given time span apparently are less because the few data that do exist suggest that
slip rates are much lower and recurrence intervals are much longer than for the
San Andreas and San Jacinto faults.

Moreover, geologic information on earthquake repeat times at localities
along the San Andreas fault in addition to Pallett Creek is needed. Estimates of
recurrence intervals should be obtained at various points along the fault in southern
California in order to test whether the Mojave and Cajon Creek-Salton Sea
segments are characterized by marked differences in repeat times as suggested by
some researchers.

The date of the latest major earthquake along a specified fault segment is a
critical parameter for a time-dependent assessment of a fault's earthquake
potential. This information is known for approximately 25 different fault segments
that have experienced historical damaging earthquakes (Yerkes, 1985, table 3).
The occurrence time of the last significant earthquake is presently unknown,
however, for most of the potential seismic sources in southern California. Before
the short-term seismic hazard of the region can be adequately evaluated, numerous
detailed trenching studies of Holocene deposits along these faults will be necessary
to search for and document stratigraphic data that might bracket the latest
earthquake occurrences. Dendrochronologic analysis of trees along youthful fault
traces is a potentially useful technique.

SURFACE-RUPTURE POTENTIAL

Methods for evaluating surface-rupture potential have evolved rapidly during
the past two decades and now are well developed. The likely location and type
(strike slip, dip slip, or oblique slip) of future ground offset can be predicted with
relative confidence where geologic relations are observable along late Quaternary
fault traces or where reliable fault-plane solutions are available. The amount of
surface displacement during a particular future earthquake can be predicted by
using empirical relations that link surface faulting with other factors (earthquake
magnitude, rupture length, etc.) determined from analysis of historical earthquake
observations worldwide (Bonilla and others, 1984). For example, by assuming that
surface rupturing will not exceed the mapped lengths of late Quaternary fault
traces in the Los Angeles region, maximum limits on surface displacements can be
predicted (Ziony and Yerkes, 1985): 10 m along the San Andreas fault; 4 m along
the San Jacinto and similar fault zones having segments as long as 85 km; and 2 to
3 m along most of the other late Quaternary faults of that region.

Locations of recently active fault traces onshore that might rupture the
ground surface during future southern California earthquakes have been well
documented as compared with other earthquake-prone regions of the United States.
The principal data sets that can be used for evaluating surface-rupture potential
are:
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(I) Maps of Special Studies Zones for fault-rupture hazard as
designated by the California Division of Mines and Geology
(CDMG) under the Alquist-Priolo Special Studies Zones Act
(Hart, 1985) show most of the known Holocene faults. These
1:24,000-scale maps, which are updated periodicaily,
delineate youthful fault traces inferred from stratigraphic
offsets, landforms, or geophysical evidence.

(2) USGS geologic strip maps at 1:24,000 scale covering the
entire San Andreas and San Jacinto fault zones (see Ziony
and Yerkes, 1985, table 5 for listing of references). Late
Quaternary fault traces identified from reconnaissance field
studies and from analysis of aerial photographs are
delineated. Recently published maps by Clark (1982; 1984)
delineate the southern San Andreas and southern Elsinore
fault zones.

(3) Special mapping studies of fault zones by the CDMG and by
university and consulting geologists af scales ranging from
1:24,000 to 1:6,000. Faults investigated include the San
Andreas fault zone within Los Angeles County; the northern
Elsinore fault zone; and the San Gabriel, San Fernanado,
Santa Monica-Hollywood and Raymond-Sierra Madre faults.
Detailed geologic mapping by the CDMG also has been
published for the metropolitan San Diego area and covers
the Rose Canyon and La Nacion fault zones.

-The geologic data for evaluating surface-rupture potential, however, vary in
completeness and quality across the region. Detailed systematic mapping and
documentation of recently active fault traces is lacking for most late Quaternary
faults in the western Transverse Ranges, for the Whittier fault, and for the
offshore region. Moreover, continued detailed geologic studies (including careful
logging of trenches and dating of offset deposits) will be necessary along all the
potentially active faults of southern California before the occurrence and extent of
Holocene surface faulting is fully documented.

CONCLUSIONS

Understanding of the earthquake and surface-faulting potential in southern
California is well advanced compared to many other regions of the United States.
Significant gaps exist, however, in the geologic and seismologic data base available
for evaluating many of the potentially active faults, particularly those within or
adjacent to the major population centers. The greatest needs are reliable
estimates of late Quaternary slip rates and recurrence intervals for the faults
framing the Los Angeles basin and lying immediately offshore. Continued
improvements in mapping and evaluating the surface fraces of recently active
faults in all parts of southern California are desirable for more accurately
delineating future sites of ground displacement and for estimating the sizes of
characteristic earthquakes. Fundamental questions about the nature of the crustal
structure beneath the Transverse Ranges, and the dimensions of potentially
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seismogenic fault surfaces beneath them, also will need to be resolved before
significant improvements in estimating the regional seismic hazard are possible.
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EVALUATION OF EARTHQUAKE POTENTIAL IN SOUTHERN CALIFORNIA

Lucile M. Jones
United States Geological Survey

Egill Hauksson
University of Southern California

INTRODUCTION

To mitigate earthquake hazards in southern California, earth scientists need
to determine where large earthquakes are likely to occur and what the resulting
ground motion from those earthquakes can be. Since most damaging earthquakes in
southern California produce surface faulting, the best estimate of where an
earthquake will occur is often made by geologists who evaluate the seismogenic
potential of capoble faults (Ziony and Yerkes, 1985; Wesnousky, 1986). Eshmc’rmg
the ecrthuoke size at that site and what the resultmg ground motion will be is
often the province of seismologists.

Analysis of world-wide earthquake data has led to greater understanding of
the process by which earthquakes are generated on faults. This allows seismolo-
gists to estimate more accurately the various factors controlling the magnitude of
an earthquake on a given fault. Such factors are, for example, the segmentation of
faults into individual rupture zones and the maximum depth of rupture. In addition,
recent refinements in the interpretation of tectonic deformation along the plate
boundary of the Pacific and North American plates provide a framework for
investigating the earthquake potential in southern California (Humphreys, 1985).
The results of these studies provide a basis for quantifying the rate of strain
accumulation along faults in southern California and its release in large damaging
earthquakes.

Many unresolved questions remain, however, concerning both the character-
istics of potential earthquakes on southern California faults as well as the
seismotectonic framework that drives the seismic cycle. Answers from continuing
research efforts could greatly improve our ability to estimate the seismic hazard in
southern California.

ACTIVE FAULTS

The San Andres fault is the only fault near the greater Los Angeles area that
is considered capable of generating a M > 8 earthquake. However, several major
faults subparallel to the San Andreas, such as the San Jacinto, Elsinore, Newport-
Inglewood, and Palos Verdes faults, and several offshore structures are also
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capable of generating damaging earthquakes. Similarly, east-west trending faults
in the Transverse Ranges such as the Santa Monica, Raymond Hill, and Sierra
Madre faults also represent significant earthquake hazards to the Los Angeles
metropolitan area. Quantitative evaluation of the relative earthquake potential of
these faults is a major goal for both geological and seismological research efforts
in the next decade.

Geological investigations have already shown that the long-term geologic slip
rates range from |0 mm/yr for the San Jacinto fault, to | - 6 mm/yr, for faults in
the Transverse Ranges to 0.3 - & mm/yr for faults in the Los Angeles basin (Ziony
and Yerkes, 1985). Both geologic and seismic data show that Los Angels basin
faults are mainly characterized by right-lateral strike-slip motion while the
northernmost parts of the Los Angeles basin faults and faults in the Transverse
Ranges are characterized by reverse motion (Ziony and Yerkes, 1985; Hauksson and
Saldivar, 1984). To further our understanding of the future earthquake potential,
the actual geophysical properties of the fault zones need to be determined. Such
research efforts will consist of mapping the three-dimensional velocity and
attenuation structure of capable fault zones. The goal is to identify continuous
fault segments that break in characteristic earthquakes as well as high strength
barriers that may influence the seismogenic displacement on a fault.

EARTHQUAKE MAGNITUDE

The magnitude of an earthquake is proportional to its seismic moment (My)
which can be expressed as; Mg =L W u whereis an elastic modulus, L is the
length of the rupture surface, W is the width of the rupture surface and u is the
amount of displacement during the earthquake. An increase in any of these
quantities will increase the magnitude of the earthquake. Refinements in the
estimates of seismic potential can be obtained by improving our understanding of
the factors that control these parameters.

Width of the Fault

In large earthquakes the width of the fault is determined by the maximum
depth in the earth at which brittle faulting can occur. Recent work (Sibson, 1982)
has suggested that the maximum depth of faulting in large earthquakes is usually
equivalent to the maximum depth at which microearthquakes occur in that region.
This maximum depth of faulting in southern California averages 12 to 15 km and
extends down to 18 to 22 km in a few limited regions. Thus an average
approximation of the width of the rupture surface for most large earthquakes in
the region is 15 km. However, the relationship between variation in the depth of
microearthquakes along the strike of a fault and the width of the fault surface that
will fail in a large earthquake on that fault is not well understood. For instance,
the maximum depth of faulting near the San Andreas fault itself ranges from 10 km
Palmdale to 22 km near Banning. Which depth will control the maximum width of
the rupture surface in a great earthquake on the fault and whether the width of the
rupture surface could vary along strike is not known. High quality recordings of
more large earthquakes and further studies of the relation of large earthquakes to
background earthquake activity are needed to resolve these questions. A more
dense distribution of seismographic stations and a more detailed crustal velocity
model would also improve our estimates of these depths.
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Length of the Fault

The San Andreas fault is over 1500 km long but the total length of it has not
ruptured in one earthquake. Two of the largest earthquakes on that fault, the 1857
Fort Tejon and 1906 San Francisco events ruptured 360 and 440 km of the fault,
respectively (Bonilla and others, 1984). The factors that control the segmentation
of the fault and the starting and stopping of rupture on individual fault segments
are being researched through the study of world-wide earthquake data.
Inhomogeneities in faults strength or structure (asperities or barriers) are
considered to be likely sites for initiation and termination of rupture on faults (Aki,
1979; Kanamori and Stewart, 1978; Jones and Molnar, 1979). Geometrical offsets
in faults visible on the earth's surface have been shown to extend to seismogenic
depths (2 - 12 km) in northern California and China and to be crucial in controlling
the initiation and stopping of rupture during moderate and large (M > 6) earth-
quakes (Reasenberg and Ellsworth, 1982; Lindh and Boore, 1979; Jones and others,
1982). The 1979 Imperial Valley and 1980 Cierro Prieto earthquakes near the
Mexico-California border both initiated at the intersection of the causative fault
with another seismogenic structure (Silver and Masuda, 1985). Since such
asperities or barriers on the faults are relatively permanent features by human
time scales, the same features could control the extent of rupture on a given fault
section in several consecutive earthquakes (for example, Bakun, 1980; Schwartz
and Coppersmith, 1984).

The segmentation of faults is crucial in estimating their seismic potential.
For instance, on the San Andreas fault, because the 857 rupture zone terminated
in Cajon Pass, it is commonly considered to be a likely site for the initiation or
stopping of a future large event (Raleigh and others, 1982). However, geologic
evidence (Weldon and Sieh, 1985) suggests that an earthquake in the eighteenth
century ruptured through Cajon Pass with extensive displacement both north and
south of that site. One earthquake has also been proposed for the section of the
San Andreas from Cajon Pass to the Salton Sea through the complex San Gorgonio
Pass region. However, the San Andreas fault does not form a single coherent
structure through the San Gorgonio Pass (Allen, 1981), suggesting difficulties in
propogating a large earthquake through the region. The different segmentation
scenarios possible from considering all of the proposed sites for ending a rupture
surface produce rupture surfaces from 150 to 500 km length which would generate
earthquakes ranging from M7 to M8. To determine the most likely scenario, the
processes of rupture initiation and termination and the role of asperities in rupture
propogation are needed to unravel the details of the rupture process. For these
research needs, high quality recordings of earthquake seismograms are needed. A
few high-dynamic-range, broad-band seismographs in southern California could
provide important data for such studies.

Fault Displacement

The amount of displacement on a fault during an earthquake is approximately
proportional to the fault length (Kanamori and Anderson, 1975; Scholz, 1982;
Molnar and Deng, 1984). The proportionality arises when the stress drops during
the earthquakes do not vary mueh. Because of this proportionality, the fault length
alone can be used to estimate the size of an earthquake expected on a given
section of fault (Wesnousky and others, 1984; Wesnousky, 1986). However, large

65



variations in displacement and stress drop have been reported for some earthquakes
(Frankel and Kanamori, 1983). Scholz and others (1986) and Kanamori and Allen
(1985) have correlated the changes in the displacement-length ratios with
variations in slip rates on faults such that faults with low slip rates will have more
displacement (and thus larger earthquakes) for a given length of fault. Recent
detailed studies using data from state of the art instrumentation have also shown
that the amount of displacement during an earthquake can vary significantly along
the fault plane (Hartzell and Heaton, 1983 and 1986). Many more earthquakes need
to be studied using high quality recordings to better understand these variations in
fault displacement and their relation to the structure of a fault. Such studies could
lead to site-specific scaling laws for the fault-displacement distribution on a given
fault.

TECTONICS AND EARTHQUAKES

The recording of earthquakes in southern California during the last 50 years
shows that small earthquakes (magnitude less than 5.0), while concentrated to some
extent along the San Jacinto and Elsinore faults, generally show little correlation
with the geologic features of southern California (figure I; for example, Allen and
others, 1965; Yerkes, 1985). In contrast, the moderate and large earthquakes
(magnitude greater than 5.5) are well correlated with the major mapped faults of
the region (figure 2). This pattern differs from that of central California where
earthquakes of all sizes are strongly concentrated along the mapped faults. The
more random spatial distributions of small earthquakes in southern California could
reflect a broad regional strdin accumulation which is caused by the complex
interaction of the Pacific and North American plates around the Big Bend of the
San Andreas fault. :

While the smaller earthquakes do not show the same spatial distribution as
the larger events, they result from the same causative stress field. Focal
mechanisms of the smaller earthquakes can be used to determine this stress state.
The work of Pechmann (1983); Webb and Kanamori (1985), Corbett (1982), Hauksson
and Saldivar (1984) and Jones (1985) has shown that the maximum principal stress
in southern California is horizontal, striking approximately north-south but that its
strike may vary locally by several tens of degrees over the region. This
consistency of maximum principal stress direction extends over both the San
Andreas fault system and the Transverse Ranges in spite of their geologically
diverse styles of deformation. The minor local variations in stress direction across
the region and their relation to the active faults could provide important
information for estimating seismic potential and is being studied in more detail.

Analysis of the discrepancies between the spatial distribution of small and
large earthquakes is needed to understand how source parameters determined from
the more frequently occurring small earthquakes could be scaled to the larger,
damaging events. Techniques are now available that sum the ground motion of
many small earthquakes to simulate the potentially destructive ground motion of a
large earthquake (Hartzell, 1978; Irikura, 1983). Such simulations of large
earthquakes coupled with detailed knowledge of the fault zone structure will make
future estimates of earthquake hazards more accurate.
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CONCLUSIONS

Major advances in seismology in the last fifteen years have greatly increased
our abilities to estimate the seismic potential in southern California. Physical
asperities on fault planes are now recognized as important features in controlling
the rupture process during earthquakes. The presence of such features has been
used to characterize the rupture initiation and termination processes in some
earthquakes. Segmentation of major faults is recognized as crucial in estimating
the size of potential earthquakes and the factors controlling segmentation are
being actively studied. The maximum depth of faulting has been estimated in
southern California and scaling laws for relating fault displacement, length, and
seismic moment are being developed. The average maximum stress direction in
southern California has been established.

Improving our understanding of the structure of fault zones in general and
specifically the structure of the large faults in southern California is needed to
improve current estimates of the earthquake potential. Questions that need to be
addressed are: What are asperities on faults? How do asperities and other fault
zone structures affect rupture propogation on that fault? Specifically, what
features on the San Andreas fault control the segmentation of the fault into
individual rupture zones? How does earthquake rupture start and stop on large
faults?

The relationship of smaller earthquakes and the regional strain field to
displacement on major faults needs to be better understood. What is different
about southern California that causes the correlation between small earthquakes
and active faults that is observed in central California to be absent in the south?
Further, variations in the stress field and its relation to displacement on major
faults needs to be researched in more detail.

To accomplish these tasks, improved networks of seismographic stations are
needed, especially stations with high-dynamic-range, broad-band frequency
response seisometers that will allow on scale recording of earthquakes over a wide
range of magnitudes. In addition, the long term monitoring of earthquakes should
be supplemented with large-scale active geophysical experiments such as reflection
and refraction profiling of the fault zones.
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ADVANCES IN GEOLOGICAL ASSESSMENT
OF EARTHQUAKE POTENTIAL IN SOUTHERN CALIFORNIA

Kerry E. Sieh
California Institute of Technology

Within the past decade, geological studies have contributed significantly to
our understanding of earthquake potential. Studies of deformed young sediments
and landforms along the San Andreas fault are yielding information that is allowing
us to identify those segments of the fault most likely to rupture in the near future.
These findings are helping to focus prediction studies and hazard mitigation
efforts. At this time, the southernmost 300 km of the San Andreas fault appears to
be the most likely source of the next great earthquake in California. Furthermore,
geologic studies along the Elsinore, San Jacinto, and other secondary faults in
southern California are beginning to reveal the recent history of those faults as
well. Recurrence intervals, fault slip rates, and other data are now being utilized
to issue probabilistic hazard maps for southern California.

In spite of these advances, we have only begun to tap the young geological
record for important information bearing on earthquake forecasting. In order to
improve our probabilistic forecasts, we need advances in several areas, including
the following:

o The seismic potential of offshore active faults is
virtually unknown. Techniques need to be devised that
will allow retrieval of trench-sized box cores from
across these potentially dangerous offshore faults. The
seismic history and potential of the Newport-Inglewood
zone and other particularly dangerous urban faults must
be better known in order to assess accurately the
likelihood of their rupture in the near future.

o Radiocarbon analyses of samples which constrain the
dates of prehistoric earthquakes need to be more precise
and better documented. At the present time,
conventional and other radiocarbon dating techniques do
not produce dates precise enough to enable correlation
of slip events from site to site. Neither do they allow
for recognition of temporal patterns in earthquake
occurrence. More precise radiocarbon dating as well as
dendrochronologic dating of prehistoric earthquakes is
now in progress along the San Andreas fault.
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ZONING FOR SURFACE-FAULTING HAZARDS IN CALIFORNIA

Earl W. Hart
California Division of Mines and Geology

INTRODUCTION

Surface faulting is one of several phenomena that can cause damage during
an earthquake. It is the sudden displacement along faults that cause earthquakes.
When coseismic fault rupture propagates upward to the ground surface, it can be
very damaging to man's structures. Surface faulting also can occur in small,
incremental steps as a result of tectonic strain after an earthquake (afterslip) or
between earthquakes (creep). Man can induce similar fault displacements, and
even earthquakes, by withdrawing fluids, reservoir loading, and mining. All of
these types of surface faulting can damage structures. Historic fault-rupture has
occurred many times in California and has been summarized by Bonilla (1970),
EJe9nn5igrgs (1975), Grantz and Bartow (1977), Hart (1985), and Ziony and Yerkes

1985). :

Because fault rupture tends to be confined to relatively narrow zones and to
recur along pre-existing recent faults, the most effective method of mitigating the
hazard of fault rupture to buildings and other structures is by avoidance of building
astride recently active faults. With these concepts in mind, the California Legis-
lature enacted the Alquist-Priolo Special Studies Zones (APSSZ) Act in 1972 (Public
Resources Code, Div. 2, Ch, 7.5). The Act has been amended five times, the last in
1979.

The purpose of the APSSZ Act is to mitigate the hazard of surface fault-
rupture by prohibiting the location of structures for human occupancy across the
traces of active faults. The Act does not address other seismic hazards.
Responsibilities for carrying out this Act are shared by state agencies and local
government. Specifically, the State Geologist (Chief of the Division of Mines and
Geology) is responsible for delineating regulatory zones--known as Special Studies
Zones (557's)--that encompass hazardous faults. The zones are delineated by the
California Department of Conservation, Division of Mines and Geology (CDMG) on
topographic base maps at a scale of one inch equals 2000 feet (1:24,000). Cities
and counties affected by the zones must regulate development "projects" where
structures for human occupancy are planned within the SSZ's. Regulation is
accomplished by requiring geologic investigations of individual sites in order to
avoid siting proposed structures astride active faults. The State Mining and
Geology Board has established regulations, known as Policies and Criteria, to guide
local jurisdictions in implementing the law (California Administrative Code, Title
14, Division 2, Chapter 8, Subchapter |, Article lll). Additional information on
CDMG's zoning program and texts of the law and regulations are contained in Hart
(1985).
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Under the APSSZ Act, CDMG established numerous SSZ's along the San
Andreas, Hayward, Calaveras, and other historically active or major faults in 1974
and 1976, Although most of the faults zoned in those years are clearly hazardous
in terms of surface faulting, some of the zones were wider than necessary or
encompassed secondary faults that have a low potential for surface rupture. In
addition, many potentially active faults had not yet been evaluated for zoning
purposes. Consequently, a comprehensive Fault Evaluation and Zoning Program
was implemented in early 1976 to cope with these problems (California Division of
Mines and Geology, 1976).

FAULT EVALUATION AND ZONING PROGRAM

The objectives of this program are to: (1) evaluate the numerous potentially
active faults not previously zoned in California, and (2) re-evaluate many of the
faults already zoned with respect to the hazard of surface faulting. Because of the
large number of potentially active faults that exist, however, a decision was made
to zone only those faults considered to have a relatively high potential for future
activity and to have reasonably well-defined surface traces.

The terms "sufficiently active" and "well-defined", taken from the Act (PRC
Section 2622), were adopted by CDMG as the criteria that must be met before a
Special S;udies Zone is established. These terms are defined as follows (Hart,
1985, p. 5):

"Sufficiently active. A fault is deemed sufficiently active if there is
evidence of Holocene (the last 10,000-12,000 years) surface displace-
ment along one or more of its segments or branches. Holocene surface
displacement may be directly observable or inferred; it need not be
present everywhere along a fault to qualify that fault for zoning."

"Well-defined. A fault is considered well-defined if its trace is clearly
detectable by a trained geologist as a physical feature at or just below
the ground surface. The fault may be identified by direct observation
or by indirect methods, for example, geomorphic evidence. The critical
consideration is that the fault, or some part of it, can be located in the
field with sufficient precision and confidence to indicate that the
required site-specific investigations would meet with some success."

The Fault Evaluation Program is a long-range program to evaluate the faults
in ten separate regions of the State (figure 1). Faults lying outside a given study
region also are evaluated when the need exists. Fault evaluations are based largely
on the following methods: (I) compilation and evaluation of data of other workers;
(2) interpretation of aerial photographs; and (3) field reconnaissance, with local
detailed mapping. Because of the lack of resources available for trenching and
other subsurface techniques, a great deal of reliance must be placed on existing
surface exposures and geomorphic features. Three geologists, including the
program manager, are assigned to carry out these Statewide evaluations.

For each fault evaluated, an in-house Fault Evaluation Report (FER) is
prepared, summarizing the data and specific zoning recommendations. These
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MAP NAME OF
SYMBOL PRINCIPAL FAULT

A *Antioch

-] *Brawley

Bv *Buena Vista

c *Calaveras

CH *Cleveland Hill
cu Cucumonga

E Elsinore

FS *Fort Sage

G *Garlock

GR *Greenville
*Green Valley and Concord

H *Hayward

HC *Hilton Creek & related
HU Hunting Creek

1 *Imperial

KF *Kern Pront & related
L *Manix

MA *Maacama

MR Mad River

N *Nunez

NI *Newport-Inglewood

ov *Owens Valley

P Pleito & Wheeler Ridge
R Raymond Hill

RH Rogers Creek-Healdsburg
RM Red Mountain

SA *San Andreas

SP *San Pernando

SG San Gregorio

sJ *San Jacinto

SH *Superstition Hills

SN Sierca Nevada (zone)

v Ventura

w Whittier

WM White Nts

w *Whit2 Wolf

*Faults with historic
surface rupture.

i ™\ 1986
it o 50 100 mi. Pid
v i | L
] 50 100 150 km
2N aRD NC \,\\
“
LEGEND D
= L Paults zoned through Januery 1, 1985 FE “_7
[
————— Boundaries of work-plan and regions - \
and year scheduled for study )

NOTE: Other faults may be zoned in the future and existing

) R ) N R
zones may be revised when warranted by new fault dats. AN Ut N —’)
‘ -8
1978 !§ N
Figure 1. Principal faults in California zoned for special studies under

the Alquist-Priolo Special Studies Zones Act of 1972. Dashed
lines and dates identify work-plan priorities for studying
areas under the Fault Evaluation and Zoning Program, 1976 to
1987.
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unpublished FER's are available for reference at the CDMG's San Francisco Bay
Regional Office in Pleasant Hill. Upon completion of studies in each region the
results of that work are summarized. Summary reports have been released as
Open-File Reports for the first six regions evaluated (Hart and others, 1977, 1978,
1979, 1981, 1983, and 1985). One to one-and-one-half years are generally allotted
to evaluate each region. Work in the seventh region has just been completed
(figure 1) and SSZ maps will be issued for preliminary review on January 1, 1986.
Official maps of SSZ's will be issued six months later. Preliminary review and
official maps of SSZ's were issued previously for each of the six regions previously
studied.

HOW WELL IS THE ALQUIST-PRIOLO SPECIAL STUDIES ZONES ACT WORKING?

This is a reasonable question, although the answer to the question is
necessarily somewhat subjective. Perhaps the question is best addressed by
examining various aspects of the law and its functions. The question can be viewed
in terms of zoning, implementation by local government, site investigations, and
the law itself.

Zoning

Since 1974, regulatory zones have been established for the San Andreas,
Calaveras, Hayward, San Jacinto, and most other faults in California that are
considered to be a threat in terms of surface faulting. A number of other faults
known to be active historically or in Holocene time have not yet been zoned
because they exist in undeveloped areas of the State. Other potentially active
faults also need to be evaluated to determine if they meet our zoning criteria.

When CDMG completes its ten-region evaluation of faults in 1989, there will
undoubtedly be a number of active faults that will not have been zoned. This belief
is supported by the record of fault rupture that has occurred during the past ten
years. As can be seen from table 1, fault rupture associated with earthquakes has
occurred mainly along faults that were not known to be active at the time of the
event. Some of these faults were not considered to be active and some were not
even known to exist prior to the event. Fortunately, most of the faulting was
relatively minor in terms of amount of displacement and length of rupture, and
occurred in undeveloped areas. From this relatively short period of experience, it
is believed that there may be hundreds of active faults in California. Although we
cannot hope to identify all of these faults in advance with our small staff, we can
recognize most of the more active faults that would cause the greatest damage to
the structures of man. We also can record the historic ruptures of active faults
when they occur for long-range planning purposes.

Whatever the merits or shortcomings of CDMG's fault zoning efforts, it is
important to recognize that zoning by itself does not mitigate the hazard of
surface fault rupture to structures. Zoning is only the first step needed to mitigate
this hazard.

An increased effort on the part of the U.S. Geological Survey (USGS) and

other geologists to map recently active faults would be very helpful to CDMG in its
fault and zoning effort. Too many geologists appear to be preoccupied with the
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task of determining the recurrence interval of earthquakes on the San Andreas
fault and other sophisticated studies. Even when active faults are mapped, it often
takes years for the documenting maps to become available.

Local Implementation

As of January |, 1985, the state had issued 352 official maps of Special
Studies Zones, of which 73 were revised and two were withdrawn. These zones
affect 74 cities and 30 counties, each of which must regulate most development
"projects" within the zones. To implement the law, a local jurisdiction must
determine if a proposed "project" lies within an SSZ and require the developer to
hire a registered geologist to make a site investigation prior to issuing permits for
subdivisions and for most structures for human occupancy. The resulting geologic
report must then be reviewed for adequacy by a registered geologist on behalf of
the local jurisdiction.

If active faults are identified, appropriate building restriction zones (set-
backs) are established. Following local approval, a copy of the geologic report is
submitted to CDMG where it is placed in the open file. Cities and counties are
also required to develop appropriate ordinances, regulations, and policies to carry
out the State law.

All of this sounds very simple, but local jurisdictions frequently lack adequate
staff and funding. They also are encumbered with a host of Federal, State and
local laws that demand attention. '

It is difficult to measure the effectiveness of implementation and enforce-
ment of the APSSZ Act at the local level. For one thing, there is no single State
agency assigned to oversee regulation of the Act, although the State Mining and
Geology Board and CDMG have responsibilities to implement specific aspects of
the law. Also, there is no penalty for not complying with the Act.

So why should cities and counties bother to enforce the Act? The answer is
probably simple. First, city and county officials presumably would not knowingly
permit structures to be built at a hazardous site. However, the perception of
hazards varies among individuals. Second, liability plays an important role in
enforcement. If a city or county permits a project to develop in an SSZ without
requiring proper site investigation, it leaves itself open to a lawsuit--with or
without fault rupture.

Judging from the 1,820 geologic reports submitted to CDMG since 1974 by 51
cities and |6 counties, it is apparent that at least 69 percent of the cities and 53
percent of the counties are complying with the Act to some degree. The
compliance rate is probably much higher, considering that development has not yet
been proposed within zones in some jurisdictions. Also, much of the development
in SSZ's is concentrated in cities and counties known to be complying. Nonetheless,
one or more instances of noncompliance is known or believed to have occurred in at
least 15 or 20 cities and counties. This noncompliance ranges from issuing
development permits without the requisite site investigations to not submitting
geologic reports to CDMG.
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Site Investigations

After the issue of the first SSZ maps in 1974, it quickly became clear that
most of the consulting geologists hired by developers to investigate development
sites under the APSSZ Act were inexperienced in evaluating active faults.
Problems related to the identification and location of faults, methods used to
locate and evaluate faults, building setbacks, and report documentation. CDMG's
response to this was to issue a set of guidelines for evaluating the hazard of fault
rupture in 1975 (CDMG Note 49; also published as Appendix C in Hart, 1985) and
otherwise attempt to educate the geological profession and others by identifying
some of the problems (Hart, 1978). The CDMG also advised geological reviewers
regarding specific site issues and encouraged the local reviewers to establish
workable standards. These efforts, along with the expanding literature on faults
and methods of investigation (Bonilla, 1982), helped to increase the quality of fault
investigations and reports.

Another problem that existed, and still persists to some degree, is that of
professional attitude. A few geologists simply refused to believe that certain
faults (for example, the Newport-Inglewood and Ventura faults) posed a serious
hazard in terms of the fault rupture. As a consequence, many of the investigations
required under the APSSZ Act were half-hearted and fundamentally inadequate.
This attitude was (and still is) nurtured by developers who desire to keep consulting
fees as low as possible and the inability of local governments to insist on adequate
geologic reports.

In contrast, some consulting geologists have identified apparently inactive
fault traces as active or treated landslide features as faults. The CDMG has
_ reacted to these approaches by delineating narrower zones than previously. .

As experience in fault evaluation is gained by consulting geologists and local
reviewers, the effectiveness of site investigations continues to improve. However,
because active faults are very difficult to evaluate at many sites, it is doubtful
that site investigations will ever become routine.

The Law

Considering the technical nature of the APSSZ Act and the scientific judge-
ments that are needed to delineate zones and evaluate sites, the Act appears to be
working quite well, This assessment is based largely on the intent of the
Legislature, which is to prevent new structures for human occupancy from being
built astride the traces of active faults. The law does not address the problem of
existing structures that are already located on active faults, except where an
addition or remodeling is planned or when a property is sold (disclosure). The law
also does not address structures not for human occupancy, although part of this
problem is dealt with in other ways.

The effectiveness of the APSSZ Act is somewhat variable at the State and
regional agency level. Unlike cities and counties, the responsibilities of State
agencies are addressed only generally by the Act (PRC, Section 2621.5); regional
agencies are not even mentioned. Except for schools covered by the Field Act and
hospitals by the Hospital Act (Meehan, 1982), structures built or permitted by State
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and regional agencies may not have a geologic investigation prior to development.
Moreover, geologic reviews to assure adequacy of the reports are not required. In
practice, only hospital-site reports are reviewed routinely.

One special aspect of the law (PRC, Section 2621.9) deals with disclosure,
which requires that sellers of real property within SSZ's notify prospective buyers
of that fact. However, the ramifications and effectiveness of disclosure are too
complex to discuss here, and the reader is referred to others who have studied it
(Palm, 1985).

Several side effects are created by the APSSZ Act, which are both surprising
and interesting. For example, the mere fact that property lies in an SSZ often has
a significant effect on insurance rates. Because of this, some insurers charge
higher rates within SSZ's. In other cases, some insurance firms reportedly have
refused to insure property in SSZ's. Similar effects have been reported by loan
companies. The extent of these effects are not well-known and some of the
effects may be good or bad, depending on one's point of view.

Perhaps the best side effects relate to the implementation of the Act at the
local level. Although all cities and counties are required to have seismic and public
safety elements, few of them had the necessary capability (staff, zoning
ordinances, policies) needed to deal with the various seismic and other geologic
hazards effectively. The APSSZ Act has enabled many cities to develop this
capability for one hazard that can be applied to other hazards. For example, many
cities and counties have hired geologists or contracted for their services in order to
provide reviews and advice regarding the fault-rupture hazard. Most of these
geologists eventually provide reviews and services concerning other geologic and

- seismic hazards. More important, many cities and counties have gained knowledge

and developed procedures directed at one geologic hazard that have prepared them
to cope with other hazards. They also have developed better regulations, including
Seismic Safety Elements, as a result of their efforts to enforce the APSSZ Act.
State government likewise has learned how to develop zones and regulations that
may provide insight for regulating other hazards. Indeed, the APSSZ Act has
attracted attention at the Federal level and has been cited as an appropriate
method of controlling development near active faults (Brown and Kockelman,
1983).

Whether or not the APSSZ Act has been cost-effective cannot be answered at
this time, because of the many years between fault-rupture events. But the Act
will no doubt save lives and reduce unnecessary property damage in the long term.
In that respect the APSSZ Act is judged to be successful.

CONCLUSIONS

Although the APSSZ Act addresses only a small part of the seismic hazards in
Californiq, it is believed to be effective at both the zoning and implementation
levels. Just how effective is judgemental, but most structures built in the SSZ's
are believed to be safely located away from active faults. Of course, the probiem
of old structures that lie astride known active faults remains a serious hazard.
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In terms of fault-rupture hazard in Californiaq, the following possible actions
are suggested:

o A study needs to be made to determine the extent to which
existing structures lie astride active faults. Because the
APSSZ Act is not retroactive, methods need to be devised to
mitigate the rupture hazard to these older structures.

o More effort should be made by the USGS, CDMG, and other
geologists to map recently active faults, particularly in
developing areas. Detailed maps with supportive data would
be very useful to CDMG in carrying out its zoning mandate.

o Consideration should be made to amend the APSSZ Act to
require implementation at the State and regional levels,
similar to that of cities and counties.

o A study under the auspices of the State Mining and Geology
Board would be useful to determine the effectiveness of
local enforcement of the APSSZ Act.
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REGULATING USES WITHIN THE HAZARD ZONES

Robert B. Rigney
County of San Bernardino, California

To speak of regulations in an era of deregulation is to fly in the face of
current political prudence. But in the case of earthquakes, a regulation to save
property and people from this terror brings us back to some of the basic, familiar
governmental philosophies regarding the protection of property and the pursuit of
happiness discussed and argued when the United States was built in the last half of
the [8th century. And if we continue with the spirit of the Great American
Compromises of 1776 and 1788, perhaps we can trade regulations for greater
seismic safety for those regulations which currently may be considered of lesser
importance, such as regulations for scenic highways, curbs and gutters, sideyards,
and minimum-square-footage residential requirements.

Five hundred or more cities and counties of California have already authored
many ordinances, rules, regulations, and laws which affect seismic safety. In the
few minutes we have today to discuss regulations, we will not concentrate on the
wide variety of them in the field of land-use planning, structural engineering,
architecture (nonstructural features), and geotechnical engineering, but will simply
concentrate on areas which need further review and research. Lists of the general
topics of ordinances in these fields are in table I. The list is important because it
illustrates programs which are often used, and local governments are proud of their
use of these tools. However, no one has really discussed their effectiveness or
importance in the field of seismic safety. It would be a fertile field to research or
review and prioritize typical seismic-safety ordinance recommendations, and
determine their effectiveness in the protection of life and property.

WHAT ARE ACCEPTABLE EARTHQUAKE RISK STANDARDS?

At first glance, it would appear that we are more accustomed to piling
regulation upon regulation rather than trading one for the other. Yet, in the field
of seismic safety and disaster preparedness, responsibility for ordinances to
enforce such safety is firmly fixed by State law and policy on local government,
which is accustomed to making trade-off decisions of great potential magnitude on
issues of life and death. This is usually done without fanfare in the budget process
when injuries and death to people and damage to property are balanced as to nature
and type of loss. This occurs when choices are made to fund or not fund a heart
team for the hospital, a design team or maintenance group for highways, building
and safety inspectors, land-use planners, mental-health technicians, flood-control
channels, a fire truck, or additional Sheriff's manpower.
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The extent of life~ and property-saving capacity of each of these budget
packages is not precisely known, but there are enough practical experiences, crude
statistics, insurance advantages, or other criteria to make choices. Whether they
are accurate or not, the choice is made; issues are put to rest, and records may be
kept as to the value of that choice.

However, seismic safety does not have generalized life or death statistics, or
a generally known field of knowledge regarding mitigation of risks, that helps it
take its place among the safety packages for eventual choice. Sometimes this is an
advantage, as the terror of the unknown is a strong force for acceptance of
expenditures of unknown benefit; but lack of such information can only hurt the
program in the long run. Therefore, before we add regulations or exchange
regulations, the value or cost benefit of these regulations should be known through
a type of risk analysis or anti-risk regulation analysis. Cost-benefit analysis would
be a more positive approach to reviewing alternatives, rather than the often used
legal liability approach favored by many political jurisdictions. Does the require-
ment for a 50-foot setback from a fault line generally save lives and property?
Would we get more value if we went 100 feet, or is |0 feet enough? Does anyone
know why we generally use 50 feet as a safe and economical approach to set back
from fault lines? Maybe it is just an acceptable unit of measure based on old-
fashioned lot designs or based on conditions of economics rather than seismic
safety.

In the areas of many fault lines and heavy potential shaking, should the
decisionmakers believe some building and safety officials who argue that a small
increase in standards of the Uniform Building Code (required for all structures)
would save the most lives and property at the least cost, and that we could forget
geological and engineering studies? After all, the likelihood of some building
actually being on a fault line is rather small considered with the total number of
houses. Those unlucky, expendable houses on the fault lines would be balanced by
those elsewhere with higher uniform standards of safety. Or as an alternative,
should we believe some geologists and land-use planners, who hold that if the fault
lines and other soil problems are known by our cities, land-use design can
effectively minimize seismic risk? In this case, special reinforced structures could
be eliminated in exchange for the costs of the special geological and land-use
studies? Or as a third alternative, should we believe the geologists and engineers
who maintain that with sufficient engineering studies, we can design precisely to
resolve the problem for efficiency and economy? Or is it necessary to do all three
programs? Or do they overlap each other with unneeded redundancy and
expenditure of money?

Alternatively, instead of all the additions to construction standards, we
could, with appropriate analysis, determine that controlling the use of the building
in relationship to its construction is a more effective way of saving lives and
property. To some extent we do this now through the Field Act for schools, the
Hospitals Act for hospitals, Essential Service Building program, special construc-
tion standards, or rehabilitation programs which give a different priority, stand-
ards, or time for compliance to buildings of different uses. Most experts in the
field concentrate on their own specialty, and it is only the decisionmakers which
should have to choose among these specialties. But for rational decisionmaking,
someone needs to set the standards which regulations will then try to implement.
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Should our buildings and people be as safe or safer than our highways, safer than
the chances of mugging or robbery, fire, and other losses? What continuing
standards of safety should be provided for specified periods of time?

To draft reasonable regulations, someone must give us some reasonable
choice of risk, and some improbable combination of scientists, sociologists,
engineers, and statisticians should focus on this research problem.

WHAT ARE THE HAZARDOUS AREAS?

If we are to focus on regulations within hazardous zones, there needs to be a
recognized definition of a hazardous zone. Certainly the Alquist-Priolo Special
Studies Zones Act is one source of information for the private sector, as well as
the public sector, informing the public of potential hazards and directing the
placement of buildings and land-use patterns in California.

The regional threat scenarios produced by the California Division of Mines
and Geology (CDMG) for northern California and southern California is a valuable
tool for studying seismic safety, hazards, and responses. Whether or not it is a
complete, accurate map of hazards is immaterial. [t does focus people's attention
on certain areas with certain problems which may arise during times of earth-
quakes. It is a teaching tool which can be generalized for use in many suspected
hazardous zones.

The CDMG has produced landslide maps which are based on landslide
sensitivity of the terrain and are divided into four categories of hazards. They do
not, however, say what the hazard means in determining how to deal with the
category shown on the map. Equal attention should be given to the uses of the four
categories.

The counties' and cities' general plans, community plans, and seismic safety
elements outline specific problem areas which can be used for local planning,
although there is not necessarily uniformity of standards among the various plans.
Redevelopment areas are sometimes looked at as logical planning units, but their
boundaries are generally for economic and blight considerations within political
boundaries, rather than geological considerations. They do, however, provide a
handy legal tool to accomplish and implement new land-use planning of an area and
should be looked at in conjunction with land-use planning based on land-hazard
problems.

In reviewing hazardous areas and regulations attached to them, it appears
that there needs to be research in the following fields:

1)  Private and public studies flowing out of compliance with
the Alquist-Priolo Special Studies Zones Act are filed as
specified. However, they are not reviewed systematically
and no common knowledge is emerging from them to be used
by local governments. Other types of studies not related to
the Act may or may not be shared with State or local
government. To not have this valuable information used in
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2)

3)

4)

5)

conjunction with the total picture of seismic safety is a
waste of resources and a duplication of effort.

There needs to be a State or regional depository for
collecting all seismic information and a systematic program
to review, categorize, and use it.

Seismic-safety planning may have to move from a local base
to a regional base, as fault lines and land hazards do not
necessarily coincide with city and county boundary lines.
Each entity uses its own geologists, experts, criteria, and
level of detail, and plans are not necessarily compatible.
Proper research could determine how best to accomplish
this. The responsibility for such consolidation itself could
lie at the State, regional, or local level, with regulations to
ensure the government uses those regionally approved plans.
To some extent, the consolidation of seismic and other
hazard information is being kept by local government. San
Bernardino County and the private sector are producing geo-
based maps on computers for keeping updated geological and
other information showing hazardous areas. This is done by
political boundary level rather than a regional geological
level, and it may be that some State or regional body should
keep this information up-to-date. .

A redevelopment agency (RDA) generally used in cities
could be used as a planning organization because of its
powers to accumulate money, consolidate properties into
more logical parcels, and set land-use planning standards.
The major concern involved in this kind of program is that
an RDA's opportunities for collecting overlapping
jurisdictions' tax increments do not overwhelm seismic
safety policies. The RDA's power to siphon money from fire
districts, water districts, and other life-saving organizations
might decrease the very powers that must be used in times
of earthquake. The advantages and procedures for putting a
type of RDA quickly in place after an earthquake, complete
with land-use plans, powers, and financing developed prior
to an earthquake, should be reviewed. Perhaps a pre-
programmed RDA could be set up prior to an earthquake to
be utilized immediately after an earthquake.

Although local government is primarily responsible for local
problems caused by earthquakes, reality says there should be
an alternative organization. Local government seems to
break down during earthquakes. In the Coalinga earthquake,
the city apparently gave way to the county's superior
manpower and equipment. The larger organization seems to
take over much of the work immediately after the
earthquake as a matter of course. Regional joint powers
authorities (JPA), the State, or other organization may be
the necessary organization in time of major disaster.
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WHAT TYPES OF REGULATIONS ARE NEEDED?

There are certain situations which require new regulations and new laws to
change human behavior. Adopting regulations is a familiar process to work with,
and there are set procedures and skilled personnel to use these procedures,
overlayed by the excitement of diplomatic maneuvering for favorable votes.
However, laws and regulations are not the only actions that are effective in
changing human behavior. In fact, many regulations are in effect and unused as
there are hundreds of local government policies made to solve one-time problems
and priorities which are no longer valid or are used only on special occasions.

People interested in seismic safety, however, generally want the regulations
to be used on a consistent basis as routinely as the Uniform Building Code, Vehicle
Code, or other programs accepted by the general public. It would generally be
uncomfortable for all if each jurisdiction issued its own version of the Uniform
Building Code, even by making it more restrictive, as both scientists and
developers are used to moving from political area to political area with certain
basic understandings of codes, building techniques, and acceptable solutions to
problems.

One type of regulation to change human behavior involves the use of
education and training. Education can be for children, involving the school system.
It can be at night school involving adults, as was done during the atomic-bomb
scare in years past. There is also use of the general media and drills for school
children, the communities, and the wotk places which are part of the educational
process.

A second type of regulation could be used to encourage decisionmakers to
take appropriate action. These can be in the form of grants for specific programs
such as disaster planning, grants for building programs that include seismic safety
elements, water and sewer construction grants, all of which are major points in this
program, as are tax credits and other inducements for seismic safety. For
example, the National Science Foundation (NSF) grant to the County of San
Bernardino stimulated an interest in base isolation in the construction of an
experimental building, which normally would not be in the purview and interest of
local government.

A third type of regulation which is commonly used attempts to control by
acting as a punishment or deterrent, such as higher insurance rates, types of use of
the building, misdemeanor charges, or the slowing down or halting of a project for
failing to act within seismic safety guidelines. The building and safety department
generally uses the Uniform Building Code, and the land-use planning organizations
use their regulations and authority for controlling and directing land development
in the interests of seismic safety through punitive action. Occasionally programs
such as transfer of development rights indicate a more positive note in the maze of
regulations, which are generally based on misdemeanor charges.

A fourth type of regulation is in the field of management and organization of
government. This does not directly impact people, but it affects the governmental
private organizations which do impact the population and seismic safety. The
placement of the disaster preparedness program in an organization can affect its
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whole tone and direction. It can be in the sheriff's department, county or city
manager's department, decisionmaker's office, or in an office of its own. These
typical arguments are time-honored discussions, but there has yet to be a final
decision on the best organization to handle disaster preparedness.

There are counterforces to regulations which are sometimes equal to or
superior than the regulations themselves. Even though regulations prevent certain
types of construction in unsuitable areas, the possibility for the financing of a
structure by a specific bank, in turn reinforced by its insurance coverage
requirements, makes it almost impossible for local governments to stop construc-
tion in hazardous areas. In fact, there are examples of banks deliberately putting
their own facilities in hazardous areas to show confidence in the community.
There needs to be research in the field of insurance programs and bank lending
procedures that would avoid the accusations of red-lining an area and at the same
time reinforce good building and land-use-planning programs.

WHAT PROGRAMS COULD BE IMPLEMENTED THROUGH REGULATIONS?

Each of the 500 cities and counties in California has different implementa-
tion priorities and procedures for seismic safety. There needs to be research on
how to implement programs, evaluate them, and make them effective. At the
present time, there are major programs to fund reserach and various Federal and
State organizations continuously evaluate research programs and advocate new or
different ones or different priorities. Perhaps there needs to be research in the
field of implementation of research which is complete and separate from the
research organizations themselves. This could be an organization to systematically
review research and the impact of regulations and determine which ones should be
implemented. Perhaps there could be set aside a fund to implement certain types
of programs and to fund certain cities and counties that wish to try innovative
regulations in the field of education, regulations, organization, or management.
There needs to be some way to systematically transfer knowledge from the
researchers to those who use the research.

If implementation is not done by the experts, it will be done by laypersons,
and often with good results. There are also various "how to" books and pamphlets
being produced to guide the home and property owner towards additional safety for
his family and property. However, there is no alternative for a systematic
approach to the applied-research programs that can implement what basic research
has so laboriously produced for our use and review.

IMPLICATIONS FOR RESEARCH

Some areas of research in the field of regulations and hazard areas are
summarized below:

o) Analysis of the value (cost/benefit) of existing ordin-

ances and techniques used for the reduction of
property loss and loss of life.
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Review of requirements for the determination of
hazardous areas in relationship to the scope of detail
necessary to harmonize these hazardous areas with
the effective improvement of seismic safety.

Analysis of various "carrots" or benefits to be
incorporated in regulations to induce compliance.

Analysis of various "sticks" or punishments to be
incorporated in regulations to induce compliance.

Analysis to determine whether the "carrot" approach,
"sticks" approach, or the educational approach is the
best for changing human behavior in relation to the
proposed regulations.

Analysis of the role of banks and insurance companies
and their related regulations that encourage seismic
safety by their policies of loans and insurance.

Review procedures for collecting and systematically
evaluating geologic information collected through the
Alquist-Priolo Special Studies Zones Act, and other
acts, and related programs for their impact on
regulation of hazardous areas for seismic safety.

Determine whether seismic safety planning regulations
should move from a local base to a regional base for
consistency in accumulating information, using it, and
applying it for seismic hazard reduction.

Review the RDA concept and its related regulations
and regulatory powers to determine whether all or
parts of it could be adapted to reconstruction after an
earthquake to consolidate properties into more logical
parcels, set land-use planning standards, and finance
the program. There may have to be modified
programs for putting such an agency in place without
lengthy hearings or studies, or the establishment of
such standby hearings and studies in advance of the
earthquake for use after the earthquake. There would
have to be a review of the agency's power to siphon
money from fire districts, water districts, and other
life-saving organizations so that they do not
inadvertently decrease those same powers which are
needed in times of earthquake.

Review the assumption that local government is the
best agency for coping with a major earthquake.
There may need to be an overlapping joint-powers
authority, regional organization, or other entity with
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regional regulatory authority in a limited field of
action. That entity could then be in charge of
coordinating problems on a regional basis and aiding
local entities that are nonoperational during a pre-
specified or pre-determined period of time after an
earthquake.

o Review and analyze programs that will implement
seismic safety programs and their regulations or make
them more effective. This may be an applied research
program similar to the National Science Foundation's
programs for basic research, or could be a quasi-public
organization that would systematically review and
research the impact of regulations of basic research.

o Include local governments as partners in the research
program, rather than merely subjects of the research
program, to produce research that will be used in the
future.

The use of regulations and the use of money are popular American responses
to the resolution of problems in government, and they are applied daily. If we get
less and less money and more and more regulations, someone has to review the
regulations and the use of money as to their balance, effectiveness, and priorities
for seismic safety. Face validity is not enough to be the basis for creating
programs that affect the lives of people and the protection of property amid the
horrors of an earthquake. The research community and those that use and
implement the results of that research need to join hands for the protection of our
society and the safety of our people through appropriate regulations.

91



TABLE |
LAND USE PLANNING (To avoid and/or reduce the impact of hazards)

Land use plans

Seismic safety elements of general plans

Zoning (density and type of development, hazard setbacks, open space zones)

Subdivision regulations (information requirements, standards, review)

Grading regulations (information requirements, standards, review)

Special development regulations (planned unit development, clustering,
transfer of development rights, slope/density)

Project review procedures (administration of development regulations,
availability and and use of geotechnical expertise, geologic/seismic
report requirements)

Public records of property conditions

Capital improvement programs, budgets

Environmental impact analysis

Redevelopment of hazardous areas

Programs to finance rehabilitation, historic preservation (taxation, property
tax, income tax credits, etc.)

Standards in Federal and State programs to assist local governments (cdmg,
etc.)

Federal reconstruction assistance (Federal Disaster Assistance Act, Section 406
Procedures, etc.)

Relocation programs and funds

- STRUCTURAL ENGINEERING (To reduce risk associated with structural failure)

Inventories of hazardous buildings

Structural design, building code provisions for new construction

Seismic code development, adoption and enforcement--old and new buildings

Methods to strengthen old buildings

Seismic safety in historic buildings

Design of critical facilities (hospitals, fire stations, schools)

Building plan review, building inspection, code enforcement

Posting of hazardous buildings

Redevlopment of areas with concentrations of hazardous buildings

Construction standards for lifelines

Standards and review for major projects (high-rise, high occupancy,
involuntary occupancy, critical facilities, etc.)

Standards for the safety of dams

Mobile home anchorage systems

ARCHITECTURE (To reduce risk associated with non-structural features and use
of structures)

Site and design review
Non-structural building elements (lighting, ceilings, windows, elevators)
Building configuration
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Architectural embellishments (parapets, balconies, chimneys)
Fire safety
Rehabilitation/retrofit assistance

GEOTECHNICAL ENGINEERING (To recognize, avoid, or mitigate hazards)

Identification of seismic hazards (faulting, ground shaking intensity,
liquefaction potential, landsliding, other forms of ground failure)

Site selection and preparation, foundation design

Lifeline location, design

Critical facilities location

Dam inundation mapping

Review of projects for public agencies

Recording of geologic information on subdivision maps

Standards for geologic studies and reports

CREDIT: William Spangle and Associates, Inc., 1985, Unpublished memorandum:
William Spangle and Associates, Inc., Portola Valley, California.
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MODIFYING THE ALQUIST-PRIOLO SPECIAL STUDIES ZONES ACT

James E. Slosson
Slosson and Associates

The Alquist-Priolo Special Studies Zones Act has caused an awareness of the
location of active fault zones and some awareness of the earthquake hazard.
Detailed on-site analyses related to the determination of the existence or non-
existence of active faults as prescribed by the Act have greatly increased our
knowledge about:

o the location of active faults

o recency of fault movement

o recurrence interval of faulting

o) length of displacement per interval and/or with time
o direction of motion

o mechanics of faulting

o general relation of earthquake magnitude to length of

fault displacemnent and the mechanics of faulting
o width of the fault zone and/or fault-affected materials

Unfortunately, the Act is specific in intent and wording to the potential for
fault rupture and thus overlooks the great multitude of earthquake-related
problems and hazards. Earthquake hazard (or seismic safety) analyses that the
author has been involved in suggest that fault rupture and/or fault creep may
account for only about one-half of one percent of the earthquake damages and
losses. Some have unsuccessfully argued that the Act should be expanded to an
Earthquake Hazards Reduction Act and address all geologic and seismic hazards.
One might argue that the Act as it now exists, is not cost effective. Estimates by
the author suggest that the benefit/cost factor related to the Alquist-Priolo
Special Studies Zones Act may be negative, whereas other geologic-hazard related
studies such as those required for landslides can have a positive benefit/cost factor
ranging from 10:] to 1000:!. The author concurs with the opinion that the Act
should be amended to address earthquake hazards such as groundshaking, landslides,
and other factors that cause at least 99 percent of the damage, rather than being
limited to fault rupture analyses. Those items that should be included in the Act,
if amended, can easily be addressed by available technology and professional exper-
tise, such as:
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If the Act remains as originally and currently stated, it should, at least, be
expanded to include the analysis of effects of fault rupture and fault creep on
lifelines. The most disruptive and costly damage caused by fault rupture appears
to be the destruction and/or severance of lifelines. Fault rupture or displacement

time interval (length of time) of strong motion shaking
maximum probable magnitude and maximum credible magnitude

effect of earth material at site on type of shaking
~ amplitude

-- acceleration

-~ intensity of shaking

types of ground failure that should be anticipated
-- liquefaction

-- settlement and consolidation

-- landslide, rockfall, etc.

~- lurching

water related problems
-~ tsunamis
-- seiche

effect of groundwater on shaking and other related
earthquake hazards.

along faults have caused serious and costly damage to:

(o]

(o]

(o]

(o]

vital foadwoys, such as the Interstate highways 5, 210, and 450
telephone lines

water lines, wells, and storage tanks

gas lines

sewers

other critical service lifelines

Future displacement on faults can sever or damage:

o

(o}

the California Aqueduct system
major dams

freeway interchanges, such as the Interstate highways 10/15
interchange near San Bernardino

the Bay Area Rapid Transit system
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o interstate gas and oil pipelines
o hazardous and/or toxic waste storage facilities

) pipelines and/or facilities for petroleum or other chemicals which may
be toxic or subject to explosion and fire.
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IMPLEMENTING LAND-DEVELOPMENT REGULATIONS FOR
SURFACE-FAULTING HAZARDS IN LOS ANGELES COUNTY

Arthur G. Keene
County of Los Angeles, California

INTRODUCTION

This paper is not meant to be a contribution to the science of fault-hazard
prediction, but rather a narrative summary of what one local agency has
accomplished in the 20-year period between 1965 and 1985. This is followed by
recommendations for further studies of potentially active faults shown in the
Seismic Safety Element of the State-mandated General Plan adopted by Los
Angeles County.

A BRIEF HISTORY OF LOS ANGELES COUNTY'S CODE REGULATIONS

Prior to the San Fernando earthquake, the County of Los Angeles had
enforced the intent of the Building Code through the Engineering Geology Section
of the Department of County Engineer and the application of Ordinance No. 2225,
Geologic Hazards. By bending the interpretation of the code, active faulting was
considered a geologic safety hazard, and rightly so. The particular section of the
code which was liberally interpreted (Section 309. Geological Engineering Reports)
reads:

The report shall contain a finding regarding the safety
of the building site for the proposed structure against
hazard from landslide, settlement, or slippage and a finding
regarding the effect of the proposed building or grading
construction will have on the geologic stability of property
outside the building site.

The first clause of this quote has direct application to an active fault, though
the original authors of Section 309 did not necessarily have active faulting along
the San Andreas fault in mind. The conclusion of the Geology Section was that the
term "slippage" had no real meaning since "landsliding" covered all forms of land
movement at the ground surface. It was therefore convenient to use the term
"slippage" as support for requiring geologic reports over known active faults by
liberally interpreting "slippage" as faulting. Of course, this is a weak and
euphomous analogy, but lacking a specific earthquake fault ordinance, it was
heavily borrowed for ordinance support based upon the very real fact that an active
fault is truly a geologic hazard.
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Needless to say, much resistance was encountered from realty interests in
the stretch of the San Andreas fault undergoing urbanization in Los Angeles
County. This resistance was felt through the ranks of the Department, emanating
from the County Board of Supervisors. Reason subsequently dictated the need for
a specific earthquake fault ordinance. The Board of Supervisors did ordain such an
Earthquake Fault Ordinance (No. 10,037) as an amendment to the Building Code,
Ordinance No. 2225, effective July 17, 1970. But, it must also be noted that this
ordinance lasted a mere two weeks or so before being rescinded by the Board.

Shortly thereafter, the San Fernando earthquake occurred (February 9, 1971)
and a reconsideration of the earthquake fault hazard by the Board of Supervisors
ensued, culminating in the present earthquake fault ordinance, referred to as
Section 311 of the Building Code, effective October 29, 1971.

The rest is history. Section 31!, Los Angeles County's Earthquake Fault
Ordinance, is the only ordinance to this author's knowledge that is incorporated
directly into a building code. It lends support to the County's General Plan, and
provides direct support for seismic evaluation of critical structures and large land
divisions. It also goes one step further than the Alquist-Priolo Special Studies
Zones (APSSZ) Act (Hart, 1985) in that even single-family homes are also evaluated
for seismic safety. Los Angeles County, thanks to the action of its far-sighted
Board of Supervisors, has set an example for the rest of the nation.

Though one of a kind, Los Angeles County's Earthquake Fault Ordinance is
limited in that it pertains only to known active causative faults. For single-family
dwellings, it requires as geologic evidence for fault activity only a 5-foot deep
trench across an active fault trace as shown in the APSSZ maps, supplied by the
-State Mining and Geology Board. Admittedly, it is only a minimal code; greater
exploratory effort can be applied at the option of the developer and his consulting
geologist.

SUMMARY STATEMENT ON CODE REGULATIONS
The California Division of Mines and Geology (1975), states:

The importance of the review process is emphasized (here)
because it is the reviewer who must evaluate the adequacy
of reports, interpret or set standards where they are un-
clear, and advise the governing agency as to their accept-
ability.

The tone of this message implies that the Iocal reviewer has ultimate authority in
what is acceptable. Other than the City of Los Angeles, Los Angeles County
probably represents one of the largest local agencies showing real concern for
active faults relative to the location of critical facilities, proposed subdivisions,
and single-family dwellings. The inclusion of single-family dwellings makes the
County ordinance (Title 26, Section 311) even more restrictive than the State's
regulations, but Section 311 is in itself inadequate to truly evaluate the location of
a known active causative fault, and actually excludes subsidiary active tangential
faults (termed cognate or secondary faults by others).
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We are reminded by the Joint Committee on Seismic Safety (1974) that "the
scope of (an) investigation is dependent not only on complexity and economics of a
project, but also on the level of risk acceptable for the proposed structure or
development." According to the CDMG (1975) it is obvious that a more detailed
investigation should be made for hospitals, high-rise buildings, and other critical or
sensitive structures than for low-density structures, such as wood-frame dwellings
which are comparatively safe. Therefore, if this risk is acceptable, and presump-
tions are acceptable, then Section 311 may not be so bad after all. If it is clearly
understood that it is only @ minimal code requirement, and does not constitute a
thorough investigation, it at least discloses the existence of an active fault in
proximity to the development, and therefore serves as a public caveat emptor.

If an active fault is not encountered in a 5-foot deep trench, the fault is
presumed absent. This is an engineering/administrative decision incorporated into
the ordinance. Thus, as the result of influential interests pressing upon the Board
of Supervisors, staff geologists capable of advising the agency are effectively
prohibited from doing so by the agency's own ordinance. How can this situation be
logically resolved? Perhaps by cleaning up the State's regulations, beginning with
the State Board of Registration for Geologists, which allows registered engineers
to submit geologic reports for local agency review. Engineering staffs may
dictate criteria for the reviewer of such reports. This influence is not felt just
locally, but in Sacramento as well.

FUTURE PROSPECTS FOR SEISMIC EVALUATION

The above narrative shows what Los Angeles County has accomplished toward
ongoing earthquake-hazard reduction through code regulations. Other communities
have done as well by using different approaches. This workshop also asks what
additional scientific and technical information is needed, and which hazard-
reduction techniques are most effective. Since Los Angeles County's approach is
pretty well set, it now remains to be seen how that approach can best be improved
without returning to former ordinance Section 310, which was much more strict
than the subsequent Section 311.

The County's effort currently emphasizes control only around active causa-
tive faults, without inclusion of potentially active subsidiary, secondary, or
cognate faults which, were they well documented, could be equally active. These
subsidiary faults might perhaps be less damaging relative to magnitude of shaking,
periodicity, and duration, though they could be just as disruptive as a landslide
from the standpoint of surface rupture. There is currently no restriction against
placing structures directly over these subsidiary or secondary faults, even if their
location is known, unless it can be shown they are indeed active. To this end, there
is an ongoing effort to establish the relative activity of the San Gabriel fault, as
one example. Indeed, the San Fernando earthquake of 1971 clearly shows how
seismically active the Transverse Ranges can be. And the most effective
technique for establishing the active parameters of any fault is the state-of-the-
art trenching technique which allows trenching as deep as necessary within
economic reasonableness.
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POTENTIALLY ACTIVE FAULT PROBLEM IN LOS ANGELES COUNTY
Nichols and Buchanan-Banks (1974) state:

Commonly, faults are regarded as active and of concern to
land-use planning when there is evidence that they have
moved during historic time or, through geologic evidence,
there is a significant likelihood that they will move during
the projected use of a particular structure or piece of land.
Because geologic evidence may be lacking, obscure, or
ambiguous as to specific times of past movement, geologists
may be able to estimate relative degree of activity only
after a regional analysis that may extend far beyond the
locality under consideration. Such analysis may be based on
historic evidence of fault movement, seismic activity (oc-
currence of small to moderate earthquakes along the fault
trace even though not accompanied by obvious fault move-
ment), displacement of recent earth layers (those deposited
during the past 10,000 years), and presence of geomorphic-
ally young, fault-produced features (scarps, sag ponds, off-
set stream courses, and disruption of manmade features
such as fences and curbs).

Knowing that a particular fault is active, however, is only

part of the problem. The other part is predicting the likely

location of fault ruptures during the next significant earth-

quake. Geologists generally accept the premise that the
. next rupture will probably occur along the fault trace that
ruptured last, especially if there is evidence of repeated
earlier movements on the same fault trace (Wallace, 1968,
p. |7). However, movement seldom is limited to a single
fault surface throughout the lifetime of a fault system such
as the San Andreas. In many places tens or even hundreds or
thousands of individual fault surfaces make up the San
Andreas in a zone varying in width from a few hundred to
many thousands of feet....

Faults that commonly produce significant displacement
(more than several inches at a time) often have related
branches that diverge from the main fault but usually have
less movement along them. They may also have secondary
faults that are not directly or obviously connected physical-
ly tc the main fault trace. Secondary faults are usually
nearby (within hundreds of feet of the main rupture), but
they may extend as much as several miles away. As with
branch faults, displacement along secondary faults is usually
only a fraction of that along a main fault.

In Los Angeles County, various faults, both active and potentially active,

though known through the literature and mapped by several agencies, such as the
United States Geological Survey, the California Division of Mines and Geology, and
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local universities and institutes, are insufficiently well defined both on the surface
and with respect to their relative degree of geologic activity (recency of
movement) to facilitate the most equitable and accurate enforcement of existing
code requirements and land-use policies. These requirements were originated to
control construction over the traces of faults which are demonstrably active; that
is, faults that moved in historic time. Historic time at present only applies to
three faults in Los Angeles County: 1) The San Andreas from Fort Tejon to Cajon
Pass; 2) the Newport-Inglewood fault zone (uplift); and 3) the San Fernando fault.

Many faults in Los Angeles County are designated as potentially active by
California Division of Mines and Geology criteria, whereas their real state of
activity may be such that they should be classified as active. One such fault or
fault system is referred to as the Malibu Coastal fault.” Others are the Whittier
fault, the Sierra Madre frontal fault system, the Holser fault in the Santa Clarita
Valley of North Los Angeles County, the Palos Verdes fault on the north side of the
Palos Verdes Hills, and the San Gabriel fault which longitudinally bisects the San
Gabriel Mountains.

The major difficulty in designating these faults as active, in terms of the
County's adopted policy and code, is the lack of direct evidence for demonstrating
historic movement as required by Section 311 of the Building Code. Using this
elementary and unsatisfactory criteria, many new structures, as well as existing
structures, are unknowingly subjected to high risks. These risks occur when faults
presently designated as potentially active suddenly prove to be active.

In-depth investigations of the above-mentioned faults, in order to determine
their state of seismic activity, is necessary to more properly apply and modify
Section 311 of the Los Angeles County Building Code. Major difficulties involved
would be: (1) access to private property; (2) a search for appropriate investigative
sites to determine the relative recency of movement; and (3) lack of detailed
mapping of the fault's ground traces. This latter is especially true of the San
Andreas fault zone, where multiple traces are evident; however, this fault is
currently being intensely studied by the CDMG and others.

The principles and techniques involved in the investigation of these potential-
ly active faults could consist of:

o trenching to 20-foot depths across the exposed or projected
traces;

o mapping in detail, using a 0.5 meter grid system;

o correlation of borehole data on either side of a fault's trace;

o determination of a groundwater barrier which hypothetically

will designate the fault's plane at depth;

o dating of carbonaceous material found intact and uncontam-
inated;
o geophysical seismic-refraction data to determine fault

planes in three dimensions;
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o color and infrared aerial photography to identify regional
lineations; and

o geologic mapping of a zone 0.4 km wide on both sides of
these faults at a scale of 1:1,000.

Malibu Coast Fault

This fault extends from West Hollywood westward to lLeo Carillo Beach
where it continues westward offshore. The latest movement on this fault may have
been more than 11,000 years ago, but accurate dating of its latest seismic event
has not been determined. Some seismologists and geologists believe that the 1972
Point Mugu earthquake was the result of movement along the Malibu Coast fault.
The activity of this fault is therefore questionable. The Malibu Coast fault is
approximately 48 miles long, is a north-dipping thrust fault, and is believed capable
of generating a 6.8 magnitude maximum credible earthquake.

Palos Verdes Fault

The Palos Verdes fault is at least 9.5 miles long and trends northwestward
from Los Angeles Harbor to Malaga Cove. Woodring, Bramlette, and Kew (1946)
suggest that there has been major tectonic activity during recent geologic time
along the Palos Verdes fault zone. Numerous small (less then magnitude 4.0)
earthquakes have been recorded along this zone and may represent activity of this
fault. Based on fault length-magnitude relafionship, the Palos Verdes fault is
believed capable of a 6.8 maximum credible earthquake.

Holser Fault

The Holser fault is approximately |3 miles in length extending from just east
of Highway 99 westward to the vicinity of Piru Creek. The surface trace of the
fault is inferred to intersect the San Gabriel fault east of Saugus. Subsurface data
in nearby oilfields demonstrate the Holser fault is a southward-dipping, sharply
folded reverse fault. Subsurface exposures of this fault in the Metropolitan Water
District's Saugus Tunnel show at least |4 feet of terrace deposits offset by the
Holser fault (Proctor, oral communication, 1974) which suggest that the fault
should be classified as potentially active. This fault could conceivably generate a
maximum credible earthquake of 6.5 magnitude.

PRODUCT OF PROGRAM

Geologic maps designating the state of activity and zone of faulting
deformation along the above-mentioned faults should be developed. These maps
should be used to to modify existing land-use planning adopted by the Los Angeles
County Department of Regional Planning, and should be supported by geologic
reports on the findings of the fault investigations. Recommendations should be
made to modify the Los Angeles County ordinances and municipal building laws
applicable to construction over, or in close proximity to, active fault traces. Based
on age dating and displacement data, more accurate estimates of the fault's
maximim probable magnitude could be determined.
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The description of the active fault's trace could also be accompanied by a
description of the physical integrity of rock types bordering the fault traces and
their susceptibility to possible ground motion and ground rupture other than fault
displacement. Proximity to ground water from the surface of the ground and to
the geographic location of the active fault trace would be rendered. This
information would help designate more appropriate land-use for certain types of
construction, or possibly disallow construction of habitable buildings.

CONCLUSION
| propose that:

) studies of earthquake recurrence (from analysis of Quater-
nary history) of certain potentially active faults within Los
Angeles County be initiated; and

o that these certain faults, designated as potentially active in
the General Plan of Los Angeles County by the Los Angeles
County Regional Planning Department be investigated
through subsurface exploration and detailed surface mapping
to determine their recency of fault movement.

The logical approach would be to: (I) research all available and existing
subsurface data; (2) map in detail specific faults designated as potentially active;
(3) investigate these faults utilizing subsurface techniques; (4) delineate the fault's
accurate location where not physically visible as a trace on the ground surface; and
(5) delineate the zone(s) of tectonic deformation associated with these potentially
active faults.

Difficulties inherent in this proposal are the location of appropriate sites for
investigations and lack of observational criteria where faults underlie or cut very
recent alluvial materials. However, knowledge of a fault's activity status will
facilitate the modification and enforcement of present building code requirements
(referred to as the Earthquake Fault Ordinance, Section 311) and the Vital
Facilities Ordinance of the Los Angeles County Building Code, as well as facilitate
appropriate land-use decisions and policies in the Department of Regional Planning.
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Evaluating Earthquake and Surface-Faulting Potential
for Hazard-Reduction Actions

SUMMARY OF WORKING GROUP | AND AUDIENCE DISCUSSIONS

This session was moderated by Bruce A. Bolt. Panelists were Arthur C.
Darrow, Steven Sokol, James E. Slosson, and Egill Hauksson. Joining the panel
were speakers from the morning session, Joseph |. Ziony, Lucile M. Jones, Kerry E.
Sieh, Earl W. Hart, and Robert B. Rigney. Cliffton H. Gray, Jr. was the session
commentator. Questioners and commenters from the audience included George
Stolt, Gary S. Rasmussen, Jeffrey A. Johnson, Gilbert Dewart, and several others
who were not identified. The following text was transcribed, condensed, and edited
from audiotapes by William M. Brown lIl.

Darrow indicated that two questions were at issue: Should we be doing
anything additional in terms of basic investigations to develop new data and new
techniques to evaluate the fault-rupture and earthquake-generation capacity of
faults in southern California? If the answet to that is positive, (and it was
suggested earlier that it's not necessarily positive in that sufficient information for
applications currently exists), what should we be doing? He suggested that
additional work is needed. His personal experiences showed that the results of
certain geotechnical investigations were fundamental surprises. He cited the
example of finding Holocene faulting in downtown San Diego, California, where
active faulting had been previously determined not to exist. ™e also cited the
inadvertent discovery of evidence of late Quaternary displacement on a fault
thought to be previously inactive. He suggested the need to (1) continue developing
information; (2) collate, assimilate, and disseminate the information currently in
hand; (3) reevaluate conventional notions about faults whose behavior was thought
ot be well understood; (4) look closely at complex intersections of faults; and (5)
continue a strong microzonation program. He concluded by stating that evaluation
methods selected should be adaptable to significant changes in the data base and
the underlying interpretations.

Sokol defined his position as legal counsel to a constituency of about 104,000
Realtors in the State of California. He indicated that Realtors really do not want
to be in a position of determining what (seismic) risks exist to a parcel of property
they want to sell. Realtors mostly operate using such regulations as the Alquist-
Priolo Special Studies Zones Act's disclosure requirements. In response to an
earlier challenge as to how a Realtor would comment to a client about fault
activity, Sokol said that most would be comfortable not commenting at all on the
risk. This is primarily because of the increasing liability of Realtors, as related to
the general societal trend of increasing liability for anybody in business. He
indicated that Special Studies Zones for seismic hazards are only one of many, such
as flood hazard zones, for which a Realtor's disclosure is required. He also noted
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the likelihood of new disclosure requirements being placed upon Realtors regarding
toxic exposure and other hazards. He commented that whereas the scientists'
perspectives are regional and long-term, the homebuyers' perspectives relate to
dealing with a problem in a small area during a portion of their lives, or the life of
the property. He concluded by mentioning that the current medium of disclosure
of a Special Studies Zone for fault-rupture hazard is a single paragraph in the
contract of sale for an individual piece of property.

Slosson discussed how new information on the existence of faulting in
downtown San Diego should relate to the design criteria for high-rise buildings
there. He cited this situation as an example of the need for new data, and further
explained that the design should be appropriate to the known geologic conditions.
He stated that well-trained engineers are fully capable of designing for conditions
given to them, and that the problem is learning what those conditions are. He
cited a recent California appellate court decision (which later went to the
California Supreme Court) that strips the |0-year statute of limitations from those
involved in design and construction who are cited in a cross-complaint (Tech-Bilt,
Inc. v. Woodward-Clyde and Associates, California Supreme Court, May 2, 1985).
This means that many geologists and engineers could be confronted with a court
case despite passing the statute of limitations; therefore, the work should be done
properly from the beginning. As a former State Geologist for California, Slosson
had signed many of the first maps of Alquist-Priolo Special Studies Zones (Hart,
1985), but believes there are deficiencies in the way the legislation was written.
The intent of the legislation was excellent, but only the surface faulting hazard
was considered. Considering damage and lives lost during @ major earthquake,
surface fault rupture accounts for less than a small percentage of one percent of
the losses. The original bill did address much broader geotechnical studies dealing
with other aspects of seismic safety. As the Alquist-Priolo Special Studies Zones
Act currently stands, it is not cost effective, Slosson stated. He recommended
that the bill be amended to include other earthquake hazards, including, for
example, landslides, liquefaction, rockfalls, and offset of lifelines such as utilities
and roadways that are currently exempt from the bill because of lack of continuous
human occupancy.

Hauksson projected a slide to illustrate the location of all magnitude 5
earthquakes in southern California since 1930, plus initial rupture zones and
aftershock zones. He indicated his interest in detailed analysis of smaller events
to help evaluate earthquake potential, and commented on the University of
Southern California's operation of a seismic instrumentation network to detect
these within the Los Angeles basin.

Bolt used an example of design studies for a large installation proposed by the
Department of Energy, and the fault map of the State of California to point out
how little is known about the location and activity of faults in California. He then
called for a discussion among the panelists in an attempt to draw questions from
the audience.

Sieh reiterated that there is great uncertainty about the location of seismic
hazards in California. He expects perceptions about these hazards will increase in
some areas and be reduced in others as the result of refined information. From
this will come a more complex but accurate view of earthquake hazards.
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Jones noted that there is no place in southern California that is incapable of
a magnitude 5 earthquake, although magnitude 8 earthquakes are constrained to
the San Andreas fault. She called for improved understanding of the potential for
moderate sized (magnitude 6 to 7) events in different parts of the region.

Bolt called for questions regarding the PEPPER Project (Earth Sciences
Associates, Inc., 1982; H.J. Degenkolb Associates, Engineers, 1984). He
emphasized that the greatest danger to Los Angeles comes from a moderate
earthquake very close to the site in question rather than from a larger earthquake
on the more distant San Andreas fault. He stated that it is not clear what a great
earthquake on the San Andreas fault will do to the City of Los Angeles.

Slosson disagreed that a magnitude 8 earthquake on the San Andreas fault
would cause little damage in Los Angeles. He emphasized that more damage would
occur in the Long Beach - Los Angeles Harbor area than is currently estimated.
Bolt pointed out that predicted-intensity maps (Evernden and Thomson, [985) show
lower intensities in those areas of Los Angeles County. Slosson referred to the
example of the recent Mexico earthquake of September 19, 1985, where
accelerations in the basement rock adjacent to Mexico City were only 4-to-5
percent of gravity, yet serious damage was done where saturated sediments
existed. He implied that a similar situation exists for the Los Angeles Harbor area.
He noted that these were marine clays unlike the lake clays of Mexico City, but
that similar conditions regarding seismic response prevail.

Darrow did not believe the hazard is uniformly distributed in southern
California. If it is not uniformly distributed, then analysts are "playing a fool's
game" by constantly focusing on the San Andreas fault. Much more information is
needed about other faults. Moreover, not enough is known about site response
throughout the region to know where resources should be devoted to deal with
mitigation. Limited resources for mitigation must be concentrated where the most
critical facilities exist and where those facilities are subject to strong ground
motion. Overlain vpon that must be those areas where the risk or hazard is
greatest. The geoscience community, however, is not as far along as the
structural engineering community in ability to make such overlays. As an example,
if a Los Angeles County building official must make a decision about retrofitting
buildings, how does he decide which ones to retrofit? Darrow does not think
adequate earth-science information exists for making such decisions. The weakest
part of the information base is the understanding of earth materials, and the
second weakest part is the knowledge of faults.

Bolt, in reference to the PEPPER Project, pointed out that not enough was
known about faulting beneath the Los Angeles basin for consultants to determine
the potential for earthquakes on a specific fault. He aiso indicated that the
project used highly generalized assumptions about soils and sediments overlying the
basement rock. It was surprising that seismologists predicted intensities using such
information, and then applied it to damage estimation.

Rigney cautioned that he knew better than to get between a scientist and his
basic science. However, he noted that one need not be any more sophisticated in
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one's research than the program calls for, particularly for an applied program based
upon that research. In the case mentioned earlier by Darrow with respect to
decisionmaking by a county building official, it would be a simple matter to
categorize the buildings in question and make appropriate decisions as to which
ones should be retrofitted. Decisionmaking tools exist to make such applictions.
He called for the rapid and beneficial applications of research, and interaction
between researchers and practitioners to get research results out promptly.

Stone agreed that researchers should be more closely linked with
practitioners, but acknowledged that such a situation is difficult to accomplish. He
proposed funds to help accomplish such linkage. He also asked the panel if seismic
waves generated by an earthquake on one fault could trigger earthquakes on other,
possibly unrelated faults. Members of the panel responded negatively.

Rasmussen queried Sokol about people who sign a waiver, incur damage, and
then retain a lawyer to sue the county, city, consultant, or other party. This shows
that the risk that the individual was willing to take changed dramatically during
the time of failure.

Sokol responded that it is up to society at large to decide whether one can or
cannot build under a given set of circumstances. The decision must be made, and
economic costs have to be weighed. The government must make the decision,
bearing in mind the loss of use of the property, the diminution of its value, and
other factors. If government chooses not to prohibit building in a given areq, for

~whatever balance of factors it takes into consideration, then an individual makes

the choice whether to build in that area. Thereupon, there is a risk for the expert
participating in something that goes wrong. There is a real chance of being sued,
even when all the risks and possibilities were disclosed. Engineers have been sued
after the fact on the theory it was negligent of them to participate knowing that
there were a given set of risks. The general trend in society is toward much more
liability, either in negligence law or strict liability; that is, liability without fault.
The courts more and more find people liable for consequences. Despite disclosure
that a particular piece of property falls within a designated Alquist-Priolo Special
Studies Zone, nature often does not respect where the zones happen to be drawn on
a map. There is a problem of access to information on these zones; note that
Thomas Brothers once published maps of these zones, but no longer does because of
potential liability.

Slosson noted that an San Diego County, California, appellate court recently
determined that the waiver is not valid and is actually an encouragement for
someone to make an error. (Salton Bay Marina v. Imperial Irrigation District,
California Appellate, 4th 4 Civ. 26949, September 30, 1985). Therefore, a
consultant should seek legal advice if he writes a report which would encourage a
person to build with a waiver. He suggested that the consultant should resign from
the job if he determines that the client is determined to build no matter what the
consultant says.

Johnson queried Bolt about the application of the current formula from the
Uniform Building Code to the fundamental period of a site, and its relation to the
effects of the recent earthquake on the sediments beneath Mexico City. Bolt
referred to an analysis by H. B. Seed, whose opinion it was that the situation
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beneath Mexico City was unique and may not occur in California. Johnson argued
the point, wondering if a surface wave or a shear wave of 2-second period is really
influenced by 60 meters of material, no matter how soft it is. Bolt reiterated that
he was simply quoting Seed, and not defending the profession of soils engineering.
The point was not resolved.

Johnson queried Jones regarding information on dipping structures beneath
the Santa Monica Mountains and Transverse Ranges. Jones referred to studies by
Corbett and Johnson (1982) showing a dipping plane beneath the mountains, verified
by studies from an earthquake in 1978, and another in 1979. She noted that the
focal mechanisms for aftershocks from those events show oblique reverse faulting,
and that that is the common mechanism throughout the region between Santa
Barbara and Palmdale, California.

Dewart queried the panel about the combined probabilities for earthquakes,
and to what extent the different fault zones could affect one another. What is the
probability that a major event on the San Andreas fault would generate an event on
the Newport-inglewood fault? Jones suggested that there is no evidence of any
correlation between earthquakes on separate faults in the region. She does see
correlation in space and time for foreshocks along the same fault. Bolt emphasized
that the probability for such earthquakes on separate faults is exceedingly small or
zero. Sieh pointed out that no earthquakes of magnitude 6 or greater in the Los
Angeles basin followed the great 1857 earthquake on the San Andreas fault. He
believed the story to be similar for the 1906 earthquake on the San Andreas fault in
northern California. He noted that for a 1976 earthquake in Ching, however, there
were several 6.5 magnitude earthquakes within the first two years after the main
shock. For California's two great historical earthquakes, however, it appears there
were few damaging aftershocks on other fault structures. Bolt noted that
investigators did not map faults in 1906, and whether there was any sympathetic
movement on the Hayward or Calaveras faults was not known at that time. There
were no damaging earthquakes immediately following the 1906 earthquake;
however, the statewide seismicity seems to have increased for a year afterwards.

Sieh offered some scenarios for the next great earthquake in southern
California, suggesting that the southern 300 kilometers of the San Andreas fault in
the state are the likely location for that event. He speculated on the uncertainty
of having a single event that would break the entire segment, as opposed to perhaps
two very large earthquakes very close in time on adjacent segments of the fault.
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PREDICTION OF SEISMIC INTENSITIES: FUTURE PROSPECTS

Jomeé F. Davis and Michael S. Reichle
California Division of Mines and Geology

NATURE OF SEISMIC INTENSITY STUDIES

Seismic intensity is a qualitative measure which characterizes felt effects
and structural damage resulting from earthquake shaking and ground failure.
Several intensity scales exist. These scales consist of levels of successively
greater earthquake-induced consequences ranging from felt effects to wholesale
destruction of structures. The Modified Mercalli Intensity Scale, which is the most
generally accepted frame of seismic intensity reference, has twelve divisions of
earthquake-induced results. The scale was developed to express observed post-
earthquake conditions in a systematic manner. It also can, however, be employed
to portray the outcomes of future earthquakes based upon assumptions of size and
fault source.

This paper recounts the principal features of seismic intensity investigations
and considers their limitations. The use of intensity measures to portray
predictions of damage patterns of future earthquakes is vital to development of
scenarios of the consequences of future seismic events. In the following text, we
discuss the caveats associated with seismic intensity prediction, and future means
of improving the rigor of these investigations.

APPROACH OF POST-EARTHQUAKE SEISMIC INTENSITY INVESTIGATIONS

The intensity scale is employed to characterize the geographic distribution
patterns of earthquake effects. This is achieved by canvassing information from
witnesses, and observations made by the investigators shortly after the event has
occurred. These intensity-scale judgments are contoured to graphically present the
damage patterns.

In the study of historical earthquakes in a particular region, news accounts,
personal letters, and other reports are searched to identify past events and to
establish their damage distributions. In turn, these patterns help to establish
conclusions regarding the sizes and fault sources of the earthquakes which took
place before the period of instrumental recording networks. This type of analysis
has been carried out by the State of California, Department of Conservation,
Division of Mines and Geology (CDMGQG) for historical events in California prior to
1950 (Toppozada and others, 1981; Toppozada and Parke, 1982).

113



APPLICATIONS AND USES OF SEISMIC INTENSITY
MAPPING AND INVESTIGATIONS

The analyses conducted on the effects of both recent and historical
earthquakes have been employed by scientists, engineers, and planners in a wide
variety of ways:

o The analysis of historical (pre-instrumental)
earthquake effects allows an estimate of the
magnitude of those events for seismic-hazards
analyses. Repeatable regional damage patterns can be
identified and used as the basis for probabilistic
estimates of ground-shaking potential.

o Comparison of damage patterns associated with
various events can provide information on geological
factors influencing damage, as well as effectiveness of
building code requirements, standard designs, and
construction practices.

o Based on these empirical lines of evidence collected
from past events, models are constructed which
endeavor to predict the damage patterns of future
earthquakes.

o Such predictions serve as invaluable input into local
emergency response planning. Monetary losses and
casualties can be estimated, based on past experience,
to assist in response and recovery planning. Analysis
of the performance of various lifelines (highways,
water and electrical systems, etc.) further assists
response planners.

As patterns of geographic damage distribution and corresponding anticipated
performance of types of buildings emerge from seismic-intensity prediction
studies, these insights can also be employed in long-term mitigation strategies to
reduce losses and casualties through land-use and building-code policies.

LIMITATIONS OF SEISMIC INTENSITY INVESTIGATIONS

The major limitation of seismic intensity investigations stems from attempts
to rigorously apply the qualitative descriptions of damage within the intensity
scale. This judgmental process is necessarily subjective and consequently it must
be kept in mind when comparing conclusions of studies conducted by different
investigators.

The resolution of the detail of intensity maps is fundamentally limited by the
generalized nature of the intensity scales. Most scales are defined in terms of only
integer values, with descriptions such as "damage considerable in poorly built
structures,” or "damage slight in specially designed structures." Hence, the scale,
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as originally devised and as applied in the field, can discriminate only regional
patterns of damage and other earthquake effects. The descriptions combine
effects which may not have the same geographic distribution. In the range of VI to
IX of the Modified Mercalli Intensity Scale, the descriptions primarily involve
building damage. It is often difficult to separate that damage due to strong ground
motion from that due to ground failure in applying the scale. In the prediction of
damage for future events, however, one would like to separate these effects.

Other limitations of the existing descriptions within the seismic intensity
scales result from the types of structures included. Special structures such as
bridges or tunnels are not included in the definitions of the various intensity levels.
This makes it difficult to establish a straightforward correlation between the
intensity scales and performance of these structures. Furthermore, the response of
newer classes of construction, only marginally tested by earthquakes to date, can
only tentatively be fitted into the existing scale.

These limitations all significantly qualify the projections of predicted earth-
quake damage which employ seismic intensity insights.

APPROACHES TO PREDICTING SEISMIC INTENSITIES

Modeling intensity is the composite estimation of seismic wave propagation,
local ground responses, and manmade structure performance as regional patterns in
consequence of a hypothesized earthquake associated within an identified fault
source. The uncertainties of all three assessments affect the rigor of the analysis
in a cumulative manner.

In the United States, the modeling of seismic intensity distribution has been
led by Jack Evernden of the U.S. Geological Survey (Evernden and others, 1981;
Evernden and Thomson, 1985). Damage-producing ground motion is assumed (based
on the analysis of historical data) to originate along the length of the fault rupture
at a certain depth.  The equation describing the damage distribution in
geographical relation to the fault is derived from empirical ground-acceleration
distributions which are normalized to fit historical intensity data.

Evernden and others have used his method to produce predicted seismic-
intensity maps for plausible future earthquakes throughout the country. A
modification of the Evernden model is used by CDMG in earthquake planning
scenarios. They present "worst case" scenarios, based upon data from historical
California earthquakes.

Limitations in any approach to predicting seismic intensities stem from the
general nature of the scales themselves and from the necessarily generalized
modeling. Variations in the frequency content of the seismic source are not easily
included, yet they can profoundly influence the consequences. Larger earthquakes
or those with low stress drops may be relatively more efficient in generating long-
period ground motion than the smaller or higher stress-drop events. The damage
resulting from the frequency-dependent response of structures may thus vary
significantly from event to event. Detailed variations within individual geologic
units are not included in the modeling. All alluvial basins are treated alike, with
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Evernden including a factor for the depth of ground water. Neither Evernden nor
CDMG consider the local variations in thickness of the sediments or the frequency
response of the alluvial basin in modeling intensity.

No existing method of seismic intensity modeling includes the effects of
ground failure, such as surface fault rupture, liquefaction, or differential settling.
Such effects are often more localized than those due to ground shaking, making
them difficult to predict. However, the damage resulting from ground failure may
be greater than that due to ground shaking. In emergency response planning
scenarios, the effects of ground failure are estimated separately and added to the
damage assessment. It is generally recognized that current methods of predicting
ground failure are less reliable than those for predicting strong ground motion.

Another qualification required in predicting seismic intensity is the special
effects of directivity or seismic focusing. The damage distribution from the 1984
Morgan Hill, California, earthquake may show evidence of directivity-of-rupture
propagation effects. The greatest damage was concentrated near the southern
portion of the fault rupture. The location of the main shock in the northern portion
of the aftershock zone and distinct azimuthal variations in recorded strong motion
accelerations suggest that the rupture started in the north and propagated south.
The effects of .source directivity on damage distribution have often not been
appreciated, since they are generally difficult to distinguish from other effects.

In summary, seismic intensity maps generated by Evernden's techniques and
similar approaches predict the damage distribution resulting from short-period
ground motion. As the 1985 earthquake in Mexico has illustrated, long-period
ground motion can have a significant effect at distances greater than 200 miles.
Recognizing that the geologic substrate of Mexico City is perhaps a special case,
and that construction practices are perhaps different from those in California,
applying the insights gained in Mexico to California is an open question. However,
we must also recognize that data on the effects of large earthquakes on modern
construction in California do not exist at this time.

IMPROVEMENTS IN APPROACHES TO PREDICTION OF SEISMIC INTENSITY

There are several types of studies which may be undertaken to improve the
rigor of seismic-intensity prediction for future earthquakes:

o In order to overcome the general deficiencies of
intensity scales and their applications, detailed studies
of earthquake effects should be undertaken following
all moderate and large earthquakes in California.
Such surveys should address, in as much detail as
possible, the effects due to factors such as variations
in ground response, and in the performance of various
building types. Any effects which might be attributed
to long-period ground shaking should be noted
separately.
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o If possible in such detailed post-earthquake analyses,
accommodation for special structures and new
engineering designs should be included in the scale.
For example, a particular level of damage to a
highway bridge that has been upgraded for earthquake
resistance should be assigned a higher intensity than
an equivalent level of damage to a non-upgraded
bridge. Similarly, damage to a building such as the
Imperial County Services Building damaged in the 1979
Imperial Valley, California, earthquake would not be
assigned a Modified Mercalli Intensity of IX, since that
type of design had been shown to be unsafe during the
1971 San Fernando earthquake. The damage to that
building does seem in general agreement with that in
the surrounding area (Intensity VIi).

o Strong motion data, as raw acceleration or analyzed
spectral parameters, could be correlated with such
detailed damage and intensity surveys to help improve
the predicting capability for newer structures. As this
information becomes available, it should be
incorporated into the predictive models so that the
most accurate estimates of loss can be available to
response planners. .

PROGRESS WHICH CAN BE MADE IN THE NEXT 10 YEARS

As more detailed damage evaluations become available and as frequency-
related effects become better understood, our ability to predict damage
distributions will improve greatly. The damage in Mexico City from the
September, 1985 earthquake would not have been predicted from contemporary
(standard) models. The seismological and geologic factors which are important
during great earthquakes have yet to test modern structures in California.

o) California earthquakes with magnitudes greater than 7
occur only once every decade or two. We should
endeavor to study such events in particular detail,
especially in areas where intense damage surveys of
modern buildings can be undertaken and where good
strong-motion data exist. Smaller events may not
have the force to truly test newer structures or to
sufficiently excite long-period ground motion to test
response in that portion of the spectrum.

o Until improvements in the rigor of the intensity scale
or its application can be made, the detail of input to
the predictions should be kept in line with the level of
rigor. In recent years, the use of building inventories
taken from tax records for seismic intensity prediction
for scenarios has been proposed. Such comprehensive
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studies need careful scrutiny because of the
significant costs required to process extensive data
sets. Optimum level of data input regarding the
building inventory should be identified in order to
correspond to the rigor that can be derived from the
current state of the art of seismc modeling.

In the near term, when predicting damage distributions from future earth-
quakes, one must keep in mind that the next earthquake will most probably be a
surprise. It may occur in an area where we do not expect it. It may have some
damage feature we did not forecast. Only detailed studies of future events will
enable us to proceed to improve estimates of future earthquake damage.
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SEISMIC INTENSITIES: THEIR IMPORTANCE, PREDICTABILITY, AND USE

Jack F. Evernden and Jean M. Thomson
United States Geological Survey

Seismic intensity is the only physical parameter of earthquakes that is both
always observable and always directly linked to damage. The widely-held idea that
measurements of one sort or another derived from seismometers (peak acceler-
ation, peak velocity, RMS acceleration in a bandpass, etc.) have greater "physical"
meaning than intensity is transparently false. Intensity, by definition, is directly
linked to damage, while most of the physical qualities measured from seismo-
meters--most particularly, the favorite of engineers and building codes, peak
acceleration--have been shown to exhibit, at best, poor correlation with damage.
This fact has been noted in the literature by the most competent engineers
concerned with earthquake design. Intensity, expressed as it is in terms of damage
to structures of particular types, must be a physical measure of the aspects of
earthquake-induced ground motion that cause damage to buildings of the types used
in the definition of intensity units. Failure to recognize this very simple fact has
led to endless misdirected assertions as to the nonphysical character of intensity
values.

The possibly fatal flaw in the use of intensities in the future is the general
failure of those making and dealing with intensity maps to recognize the sensitivity
of damage, and thus intensity, to the detailed specifics of building design. This
problem can be circumvented by careful calibration of definitions to building type.
Thus, the Chinese have successfully modified definitions of Modified Mercalli
Intensity Units for use with typical structures in Ching, structures vastly different
from those used in definitions of intensity elsewhere in the world. In the United
States, no such care is being taken. The definitions still used today are those given
in 1932, that is, prior to the imposition of building codes for wood-frame
structures in California. When those old definitions are applied to observed
damage for recent earthquakes in California, "anomalous" results are obtained.
Thus, for the Imperial Valley earthquake of 1979, the low intensity contours
(contours defined by shaking without structural damage) and a near-field accelero-
gram were essentially identical to those for the Imperial Valley earthquake of 1940
(an earthquake that resulted from rupture along the identical fault segment that
failed in 1979 in the USA). However, the intensity values near the fault were
calculated as significantly lower in 1979 than in 1940. There seems little or no
doubt that these lower "intensity" values resulted from the fact that most of the
structures in the region were built or rebuilt after the 1940 earthquake according
to building codes designed to decrease structural damage from earthquakes. The
identical phenomenon of "lower than expected" near-field damage occurred for the
Coyote lLake, California earthquake of 1979. Damage in Gilroy, near the
epicenter, was far less than expected based on the pattern of far-field intensities
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and expected damage levels based on the original definitions of intensity units. As
of 1979, approximately 88 percent of the wood-frame structures in Gilroy had been
built since the enactment of California building codes in 1940,

Detailed analysis suggests that damage levels have been decreased so
markedly by these new designs that measured "intensity" values are lower by | to
1.5 intensity units. If this change in damage versus intensity (or change in
intensity) is not recognized and incorporated into future intensity maps, routine
interpretation of these maps will be impossible. We still calculate intensities
against old definitions, but calculate damage estimates for the style of
construction of interest.

Thus, intensity is a true physical measurement and is available for all
earthquakes on a variety of ground conditions, both for modern and historical
earthquakes. No other physical parameter is as broadly measurable or as relevant.
If the physical character of intensity is to be exploited for damage prediction,
intensity must be (I) predictable, (2) correlatable with seismometric measurements
of one type or another so that predicted intensity can be converted to parameters
directly useful in building design, and (3) correlatable with expected levels of
damage to buildings of various important types. All three of these conditions can
be met at levels adequate for design and damage estimation purposes.

As regards prediction of intensities, we have published several papers which
detail the procedures used and the input data required (Evernden and others, 1973;
1981; Evernden, 1975; Evernden and Thomson, 1985). We have documented
extensively the predictability of intensity patterns in various tectono-geophysical
regions. We have demonstrated that interpretation of observed intensity patterns
allows valid estimates of signal attenuation, length of rupture and depth of focus
for the earthquake associated with each intensity pattern studied, and improved
estimates of magnitude of historical earthquakes. Indication that the regional
attenuation characteristics establishable by study of intensity patterns are geo-
physically real is the fact of their correlation with a large set of other regional
geophysical parameters (P and S, velocities, P and S travel times, mp magnitudes,
Rayleigh wave attenuation, heat flow, mean elevation, level of seismic activity,
potential length of rupture in a given region, etc.). It is important to note that we
incorporate signal persistence into our estimation of intensity, effectively calcu-
lating an RMS-type acceleration parameter for the bandpass of relevance to
intensities. The incorporation of persistence of the signal into the model resulted
from meeting the constraint imposed by us that the theoretical model should be
able to predict intensity patterns over a large range of magnitude.

The second condition for usefulness of intensities, that is, their correlation
with seismometric measurements, is investigated in Evernden and Thomson (1985).
We only note here that, by use of the many strong motion records of the San
Fernando earthquake, we have been able to demonstrate rough correlation of a host
of seismometric parameters with intensity. Simultaneously, we showed that RMS
acceleration over a |0-second window for the bandpass from 0.5 to 3 Hertz
achieves nearly a perfect mean fit to the theoretical relationship used in our
model, that is, a twofold increase in the parameter for a one unit increase in Rossi-
Forel intensity. This condition was used because analysis of both American and
Soviet strong-motion data had indicated the correctness of such a model when
applied to Rossi-Forel intensities (not to Modified Mercalli intensities).
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As an example of converting predicted intensities to a useful ground-motion
parameter, we cite figure 78 (in Evernden and Thomson, 1985), a figure showing

predicted RMS acceleration over a |0-second period in the bandpass 0.5 to 3 Hertz
as a result of the modeled earthquake on the north end of the Newport-Inglewood

fault in southern California, using the relationships of figure 71 in the same report.
That figure shows comparisons of Modified Mercalli and Rossi-Forel intensities,
and RMS accelerations of the 197! San Fernando, California, earthquake in all
frequency bands. We can generate such maps for any of the four bandpasses
defined in the paper. Other authors have expressed the view, which we share, that
an RMS acceleration parameter, expressed over the bandwidth of relevance to
structures being studied, is a far more useful engineering parameter than peak
acceleration.

The final requirement of intensities, that is, that intensity values be a device
for estimating expected levels of damage to various types of buildings, has been
shown to be possible at a useful level. Figure 79 in Evernden and Thomson (1985)
presents empirically-derived relationships between intensity, building type, and
expected percent damage. Remember again that intensity units on these graphs
are defined by use of pre-1940 building design. This point is so important that it
must be stressed repeatedly. Figure 79 shows that, if intensity "IX" were to be
defined in terms of five percent damage, post-1940 wood-frame structures (on a
group basis) would never experience intensity "IX," while unreinforced concrete
buildings would experience intensity "IX" at the same time pre-}940 wood-frame
were experiencing intensity "VIII" and post-1940 wood-frame structures were
experiencing intensity "VII" (all in Rossi-Forel units). As pointed out earlier, our
present procedures are to calculate intensities based upon pre-1940 criteria and to
then generate maps of predicted loss by use of figure 79. Thus, figures 80 through
83 give maps of predicted percent damage for wood-frame and unreinforced
concrete buildings as a result of the modeled earthquake on the northernmost 30
km of the Newport-Inglewood fault. Figures 80 through 83 simply give predicted
percent loss for buildings of specified types, the figures being relevant if such
buildings exist at the locations of the calculations. There is no inventory of actual
building types included in the present calculations.

Further refinements of maps of the type of the last figures would require
incorporation of a complete inventory of relevant building types for each grid
square of the map. Such data would allow the expression of expected loss in terms
of dollars, which is @ much more useful parameter. One could then sum expected
dollar losses over individual municipalities, counties, or regions to get a more
meaningful estimate of the impact of a specified earthquake. At present, the only
means we have for estimating dollar losses is through very generalized models.
These estimates of loss to structures are probably correct to better than a factor
of two, and they do allow determination of the relative impact on the Los Angeles
area of various expected earthquakes. Thus, a repeat of the Fort Tejon earthquake
of 1857 is predicted to cause relatively minor losses and not be the ultimate
disaster often imagined; intensities throughout most of the city of Los Angeles will
be no higher (or even less) than they were for the 197] San Fernando earthquake.
The modeled earthquake along the north end of the Newport-inglewood fault
generates higher intensities in the Los Angeles basin and would undoubtedly cause
far greater damage and dislocation.
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As a last comment, we should note the discussion in Evernden and Thomson
(1985) of the great differences in predicted losses reached by different authors for
the same earthquake. As is clear from that text, it is our view that the loss
estimates given by the Federal Emergency Management Agency (1980) for a repeat
of the San Francisco 1906 earthquake are much too large and cannot be supported
by analysis. It is of the greatest importance that this difference in prediction of
loss be resolved one way or the other as soon as possible.
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DEVELOPMENT OF EARTHQUAKE PLANNING SCENARIOS

Michael S. Reichle
California Division of Mines and Geology

INTRODUCTION

Following @ major damaging earthquake in a California metropolitan area,
the ability of major lifelines and other critical structures to perform and not
become hazards themselves is of paramount importance in the emergency response
and recovery process. Lifelines can be defined as those systems which receive and
transport people, goods (including energy), services, and information. These would
include highways, railroads, airports, power grids, water systems, and telecom-
munications networks. The modern computerized banking system might also be
considered a lifeline, possibly under communications. Critical facilities would
include hospitals, schools (as-mass care facilities), and police and fire stations. In
California, since no one agency is primarily concerned with overall lifeline
performance during disasters, it falls to the government, public utility, and private
sector emergency response planners to anticipate probable and plausible hfelme
failures and hazards in their respective spheres.

To assist emergency response planners and others responsible for response
and recovery following a damaging earthquake, the California Department of
Conservation, Division of Mines and Geology (CDMG) is preparing a series of
lifeline scenarios depicting geological, seismological, and engineering judgments of
how lifelines in a specific area might respond to a particular damaging earthquake.
The first two such scenarios addressed repeats of the approximate magnitude (M)8
San Andreas fault earthquakes of 1857 in southern California and of 1906 in the San
Francisco area (Davis and others, 1982a,b). Scenarios currently being developed
are based on damaging earthquakes on the Hayward fault in northern California
(Steinbrugge, and others, 1986), and on the Rose Canyon and Newport-Inglewood
faults in southern California. The latter two are scheduled for completion in 1986.

These latter scenarios postulate a "worst case" event where the
maximum credible earthquake is assumed to occur, producing a seismic intensity
distribution similar to that of the most damaging historical California earthquakes.
This affords the emergency response planner the opportunity to prepare for
admittedly somewhat pessimistic, but still plausible, levels of damage. Thus, we
emphasize that the scenarios are for emergency response planning purposes only.
They will assist in preparing for smaller earthquakes as well.
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CHOICE OF SCENARIO EARTHQUAKES

When CDMG set out to develop earthquake planning scenarios for the greater
Los Angeles and the San Francisco Bay areas, the initial choices for the scenario
earthquakes were obvious. Repeats of the 1857 Fort Tejon and 1906 San Francisco
earthquakes would inflict severe damage on the highly urbanized areas. [t became
clear, however, that smaller events occurring within urban areas could have more
damaging effects. These areas include the east San Francisco Bay area of
Alameda, Contra Costa and eastern Santa Clara Counties; southern Los Angeles
and northern Orange Counties; and metropolitan San Diego County.

For the eastern San Francisco Bay areq, the scenario earthquake is based on a
rupture of the entire 100-km length of the Hayward fault, from San Pablo Bay to
east of San Jose. This event, with a magnitude of about 7.5, is considerably larger
than the 1868 Hayward earthquake of Mé.8, which had only about 50 km of surface
rupture. Similarly, for the Newport-Inglewood fault in Los Angeles and Orange
Counties, we are assuming an 80-km rupture, corresponding to M7. Based on the
dimensions of the aftershock zone, the M6.3 Long Beach earthquake of 1933 is
believed to have ruptured approximately 30 km of this fault zone.

For these two cases, our scenario events are based on historical seismicity.
In the San Diego areq, however, the seismic hazard is much more ephemeral. No
fault has yet yielded conclusive evidence of Holocene activity. There have been no
local damaging earthquakes during this century. On the other hand, several events
with near M6 magnitude did occur in the San Diego area during the [9th century.
There is considerable background seismic activity along the offshore Coronado
Bank fault, beneath San Diego Bay, and along the San Miguel fault zone in Baja
"California Norte, southeast of San Diego. The potential for a major earthquake,
although perhaps unappreciated, does exist. Here, however, a scenario event
cannot be based on an historical earthquake. The choice of a causative fault is not
arbitrary, but should be based on faults with Holocene (within the last 10,000 years)
or, if that is not available, Pleistocene (10,000 to 1,000,000 years) movement. The
former would be considered active; the latter potentially active. For San Diego,
we chose a 50-km segment of the Rose Canyon fault, with a southern end of the
rupture just northwest of downtown, which would generate an M7 event. In a
related program, the Federal Emergency Management Agency (FEMA), the Califor-
nia Office of Emergency Services (OES), and other agencies will be examining
international aspects of emergency response planning, supposing a scenario earth-
quake which would affect both San Diego (United States) and Tijuana (Mexico). For
this study, the scenario earthquake is assumed to occur along one of the mapped
offshore faults south of downtown San Diego, which could inflict damage on both
sides of the international border.

DAMAGE DISTRIBUTION ESTIMATION

Damage distribution due to strong ground shaking is estimated in our recent
scenarios using a method evolved from that of Evernden (1981) and the analyses of
Modified Mercalli intensities of historical California earthquakes of Toppozada and
others (1981) and Toppozada and Parke (1982). 1t is evident from the historical
data that earthquakes are highly variable in their effects. This is a function of
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population density, ground condition, the source itself, and/or the path between the
source and a given site. In order to account for this variation, we have modified

the parameters of Evernden's method to reflect the most damaging of the
historical events. The main differences are:

1) We consider only Modified Mercalli Intensities VI to IX -- those
that include building damage induced by ground shaking.

2) An apparent source depth of |5 km is used for events from near
M7 to M7.5. For events near Mé6.5 or less an even shallower
source should be considered.

3) Intensities attenuate at a rate inversely proportional to
distance for distances greater than the apparent source depth,

4) At any given distance from the fault, intensities may vary up to
two units, depending on local geology, from igneous and
metamorphic rock (0) to alluvium (+2), regardless of the state
of saturation of the alluvium. Maximum intensity near the
fault on alluvium is 1X; on igneous rock, VII.

For events with M>6.5, intensity distribution is normalized to give, on
alluvium, intensity IX out to a distance of about 8 km from the fault and intensity
VIl out to about 80 km. These factors combine to forecast somewhat more
damaging overall Modified Mercalli intensities than those predicted by a direct
application of Evernden's algorithm, but the differences appear to be less than one
unit of intensity between the two methods.

The damage distribution is further complicated by the effects of ground
failure. In many cases, especially for the larger events, the damage from surface
rupture and liquefaction may be greater than that from strong ground shaking. The
scenarios examining repeats of the 1857 and 1906 earthquakes assumed (based on
the historical offsets) up to 30 feet of fault offset. For the M7.5 Hayward fault
scenario, up to 10 feet of fault rupture is assumed. For smaller scenario events,
such as an M7 earthquake on the Rose Canyon fault with up to 3 feet of fault
offset, the effects are somehwat less pervasive, but could be equally damaging to
an important lifeline crossing the fault.

Liquefaction and related ground failure are more difficult to forecast in a
lifeline scenario. Liquefaction effects may occur out to about 100 km from the
earthquake source and may be spotty or fairly extensive. In our planning scenarios,
we primarily consider liquefaction effects on saturated alluvium, and on saturated
artificial fill in particular, to be possible especially in the regions of strongest
shaking.

LIFELINE PERFORMANCE

The lifeline and structural inventories and the forecast seismic intensity and
secondary effects maps we generate are the basic inputs to the damage assess-
ments. These analyses are developed with the owners and operators of the various
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lifelines and facilities. The resulting scenarios offer emergency response planners
a comprehensive starting point. Subjects covered by the Hayward fault scenario are
listed in table | (Steinbrugge and others, 1986). The number of deaths and injuries
is a strong function of local geology, building age and type, and time of day of the
event. As such, only rough, conservative estimates by county are made in that
report. This may not please the response planner, who would like to know how many
ambulances to station in which parts of a city. Unfortunately, accurate inventories
of the factors affecting the number of deaths or injured do not usually exist.

Similarly, damage to buildings depends heavily on the age and type of
structure. The performance of structures was not discussed in the planning
scenarios for the southern and northern San Andreas fault. The Hayward fault
scenario presents a general discussion on building performance and more specific
discussions of hospitals and schools. Much of the information in this portion of the
report is both earthquake and region independent. It is presented to give the
planner an idea of how these specific structure types have performed in the past
and, in the scenario, how they may perform in the future.

The discussions of the transportation and utilities lifelines follow the same
general organization. The lifeline itself is briefly described. For example, the
most used highway routes, possible alternative routes, and those without a
reasonable alternative are discussed. The analyses of lifeline vulnerability which
follow each inventory are nearly earthquake-independent; in general, they focus on
how fault rupture, ground failure, or strong ground motion could contribute to
damage of the lifeline. Factors such as access and local facility damage are noted.
General planning considerations include the interaction among lifelines (for
example, the utilities' need for rapid road access, the dependence of a given
lifeline on utility power or water, etc.) and those factors affecting choices of
alternative sources and routes.

The discussion of each lifeline to this point is fairly general. The planning
scenario and damage assessment portions, on the other hand, present a very
specific list of situations. It cannot be overemphasized that the situations are for
planning purposes only. They are not damage predictions, but the kinds of damage
one could find following the scenario earthquake. Some feel that the scenarios are
pessimistic. They are conservative estimates based on what has happened during
historical earthquakes in California and elsewhere. Most probably, not all the
situations will occur. We hope that the situations listed emphasize the variety of
problems which will have to be faced, and the interplay among them. No scenario
will prove accurate in detail. Our efforts provide planners with a regional pattern
of the types and extent of problems that will confront emergency response
personnel after a damaging earthquake.
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TABLE |

Subjects covered in Hayward Fault Scenario
of Steinbrugge and others, 1986

Deaths and Injuries

Buildings
general
hospitals
schools

Lifeline Corridors

Transportation Lifelines
highways
airports

BART
railroads
marine facilities

Utility Lifelines
communications
electrical power
water
waster water
natural gas
petroleum refineries and products
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USING EARTHQUAKE PLANNING SCENARIOS

Paul J. Flores
Southern California Earthquake Preparedness Project

Scenarios of predicted earthquake damage, even if they contain a high degree
of uncertainty, are a prerequisite to sound, comprehensive earthquake preparedness
planning, especially in a region as large and complex as southern California.
Preparing for great earthquakes is no different from other regional planning
problems such as transportation, environmental quality, or growth management. In
all cases, those responsible for planning must have some capacity to anticipate
future problems, and thereby promote changes in the status quo to be better
prepared to cope with problems when they present themselves. Therefore, the
primary uses of damage scenarios are as planning tools within a comprehensive
planning process.

_ The Southern California Earthquake Preparedness Project (SCEPP) has
delineated a five-phase process for earthquake preparedness planning. These are:

1) Hazard identification and risk o;sessment;

2) Development and adoption of seismic safety goals and objectives;
3) Design of hazards-reduction and preparedness strategies;

4)  Program development; and

5 Development of a multi-year plan and evaluation mechanisms.

The development and utilization of earthquake damage scenarios are of particular
importance in phases | through 3 of this process.

Phase | identifies the hazards and risks for a particular locality. Most of the
information being presented at this workshop can be used in this phase of our
planning. Peck (1985) indicates that the ultimate benefits of this information are
reductions in injuries, losses of life, and property damage, plus continued
functioning of vital services and economic activities following a destructive
earthquake. To achieve these benefits, scientists, engineers, planners, and other
professionals must interact to produce useful technical products. One of these
products should be damage scenarios. Damage scenarios attempt to project and
quantify potential losses and disruptions to our urban infrastructures. Even with
high levels of uncertainty, the resulting data bases and statistics produced in these
scenarios are extremely useful in SCEPP's planning process. Without some
quantification of potential effects on a community from a damaging earthquake, it
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is very difficult to develop seismic safety goals and set appropriate policies. By
quantifying potential earthquake effects, damage scenarios give policymakers the
ability to visualize a community's level of risk, and thereby determine if it is an
acceptable one.

| believe it is also important to bring the international experience into this
visualizing process. The September 1985 Mexico earthquake did perhaps even more
than the damage scenarios used by SCEPP to help identify the problems we need to
confront in our planning efforts.

If a current level of risk depicted by a damage scenario is found to be
unacceptable to a community, then the hazards influencing that risk can be
identified, and goals and objectives for reducing hazards can be adopted. In
meeting community seismic safety goals and objectives, damage scenarios can also
assist in designing strategies for reducing hazards in the long term, and aid disaster
management and recovery should the earthquake occur in the short or intermediate
terms.

Regarding the design of disaster management and recovery strategies,
damage scenarios can be very valuable in projecting damage on current assessment
of hazards without considering the benefits of long-term hazards-reduction
programs. As such, damage scenarios can provide estimates by geographic area.
The estimates will fluctuate by geographic area, depending upon the quality of
basic geologic information for a given area. The scenarios can give estimates of:

o Deaths and injuries,

o Homeless caseloads,

o Structural damage,

o Damage and service disruptions to lifeline systems, and
o Economic losses.

With such information, planners can in turn estimate the basic requirements for
personnel and material resources for effective disaster management and recovery.
Such analysis can identify resource shortfalls or policy problems that can be
corrected before the earthquake occurs.

With a damage scenario as the basis, planners can propose specific programs
within a multi-year plan to better prepare for responding to the consequences of a
damaging earthquake.

There are three pioneering works on damage scenarios that | would like to
discuss briefly. California Division of Mines and Geology (CDMG) Special
Publication 60 (Davis and others, 1982) provided for the first time a regional
perspective on effects of earthquakes occurring in the short and intermediate
term. The report identified problems that could be addressed immediately, and
offers an excellent view of the potential problems of utility companies.
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Work by Steinbrugge and others, published by the Federal Emergency
Management Agency (1980) from an analysis carried out by the National Security
Council, gave for the first time figures on deaths, injuries, numbers of people
requiring hospitalization, and economic losses. Using the statistics from this
document, SCEPP could set policy and focus greater attention on the earthquake
problem at all levels of government.

Gulliver (1986) produced a report estimating the expected number of
homeless after a M8.3 earthquake along the southern section of the San Andreas
fault. That work provides the basis for determining how and where to provide
emergency housing. These data are particularly important to the Federal
Emergency Management Agency, which has the overall responsibility for providing
emergency housing in areas hard-hit by disasters.

In applying damage scenarios at a more local level, there is a problem of
collecting the necessary information to correlate with basic studies of intensity
(Evernden and others, 1981). Collecting such data is very time-consuming and
labor-intensive. We need to study the feasibility of developing damage scenarios at
a larger scale, perhaps 1:24,000, and determine whether or not it could be done. To
address that issue, and how users at the local government level could take greater
advantage of a detailed damage scenario, SCEPP conducted a pilot study for an
area of San Bernardino County, California, that | would like to discuss.

SCEPP chose a 20-square-mile area within San Bernardino County to test the
applicability of automation to producing damage scenarios, and to address the
multi-jurisdictional perspective. Of particular interest was development of an
automated data base for response to an earthquake prediction in the short term. If
there were a warning of a few days, for example, it would be highly valuable to
have damage scenarios in place quickly to help anticipate problems and decide on
mobilization of resources. It is also valuable to know about the problems caused by
an earthquake that go beyond the jurisdiction of any one entity. Therefore, we
included three cities and one county within our study area.

A computer program was developed to access data and produce model
damage scenarios. The data files available to the model included geophysical data,
such as geology, fault traces, and groundwater levels, and socio-economic data,
such as census information, assessors' files, and FEMA facility files. Models tested
through the computer program were a shaking intensity model (Evernden and
others, 1981), and some liquefaction work done specifically for this project by the
CDMG. Models produced were structural damage models, dollar loss models, deaths
and injuries models, and homeless caseload models. The products of this study are
available through the Southern California Farthquake Preparedness Project (1983).

| believe that the pilot study gave us a reasonable picture of earthquake
effects at the local level on the basis of the existing data. Also, we now have a
method by which local damage scenarios can be developed. In conclusion, it is
clear that a similar detailed data base and computer model are needed at the
regional level.
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IMPROVING ESTIMATES OF FUTURE EARTHQUAKE LOSSES

John H. Wiggins
J.H. Wiggins Company*

INTRODUCTION

| am very pleased to present my thoughts on the subject of estimating
earthquake losses, since | have been heavily involved in the subject for years, at
times pleading with government officials and even the United States Congress to
acknowledge the need for accurate loss estimation for planning purposes. Planning,
as | use it here, implies broad areas of before- and after-the-fact functions which
deal, in one way or the other, with the earthquake problem:

o Research
Geological
Seismological
Soil dynamics
Structural behavior
Reconstruction costing
Lifeline engineering
Primary and higher-order loss economics

o Government activities
Emergency response plans
Insurance requirements
Rehabilitation funding
Congressional actions
Interstate and intrastate functional relations

o Private sector activities
Insurance companies
Corporations
Utilities
Small businesses
Apartment and condominium owners
One- and two-family dwelling owners

Loss estimates with associated return periods or probabilities of occurrence
within a specified time frame can be quite helpful for planning purposes at all of
the levels cited above. Private sector activities can make trade-off decisions

*Now with Pacific Coast Highway Associates, Long Beach, California
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among insurance, strengthening, self-insurance, and post-event operations.
Governments at all levels can forecast the depth of their involvement, and the
costs to them for their own losses in terms of function and property, so that they
can serve the public at an optimum level. Research can be directed through
sensitivity studies of the various loss forecasting models in order to focus on those
areas within the loss models that need refinement.

Therefore, | suggest considering the idea of loss estimation in a broader
context than just dollars lost. Research, government operations, and private
response, both before and after the fact, can be directed so that when the
earthquake strikes, losses similar to those suffered during the [985 Mexico
earthquake do not occur here in southern California.

THE DEFINITION OF LOSS

Losses can be defined in many different terms, all of which affect our well-
being as a nation and our individual lives. The affected entities in descending order
of complexity are as follows:

Nation

Region

Economic sector

State )
Intrastate region
County

Intracounty region (public and private)
City

Corporate organization
Family

Individual

Q0O 000000000

The above affected sectors of society are often referred to as "stakeholders."
These stakeholders and the subgroups within each group, regard impending earth-
quake losses from various points of view. Common perspectives held by these
stakeholders, unfortunately, is:

"It won't happen to me (us),"

"It won't happen in my lifetime,"

"If it happens, | won't lose much,"

"My insurance policy will pay for everything,"

"The government will bail us out,"

"It's so far in the future we don't need to think about it now,"

"I'll be retired before it happens here,"

"My structure is designed to code, therefore nothing can happen,"
"{ read in the paper that it won't happen for thirty years,"

"There are more pressing things to think about like the federal deficit,"
and

o Similar rationalizations.

O 0000000 O0O0

If the various stakeholders don't believe one of the above situations to be
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true, then there are several primary, secondary, and tertiary types of losses that
they must consider for mitigation purposes.

PRIMARY TYPES OF LOSS
o Property damage
o Landform change and damage

o Death and injury

SECONDARY AND HIGHER ORDER TYPES OF LOSSES

Business interruption
Unemployment
Mortgage and other loan defaults
Loss of taxes
Homelessness
Defaults on bond issues
Fire losses
Toxic effluent releases
Communication, transportation and power disruption
Impact on the defense industry
Impact on government deficits
. Impact on economic sectors which influences foreign goods sales
Public and private liability

0O0O0OO0OO0DO0OODOOOODOO

Just one look at the 1985 Mexico earthquake will reveal a host of conse-
quences that our government officials, who are primarily responsible for alerting
the Nation to the potential impacts from a major earthquake, should be considering
and mitigating. In addition to property and life loss, Mexico is witnessing further
devaluation of the peso, the reduction of confidence in the government, an increase
in their federal deficit, the serious consequences of possible corruption (for
example, steel reinforcement missing in concrete structures), the loss of tax
revenues, the increase in federal costs, the effects of poor planning and crowding,
and other after-effects.

Thus, losses must be considered in a larger context than simply life and
property, which is the sole responsibility of the structural engineer. Types of
losses, and the factors that influence the magnitude of the losses which might
occur in every sector of life and the economy, must be addressed by a consortium
of professionals working as a team in their various areas of expertise. This team
must be knowledgeable in:

Geology

Seismology

Soil and rock dynamics
Foundation/structure interaction
Structural dynamics

Structural behavior

Systems modeling

O OO0 0 00O
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L.and-use planning

Emergency response

Sociology and social psychology
Macro- and micro-economics
Public and business administration
Political science

Law

Fire safety

Toxic chemical behavior

Other expertise as needed

C 0000000 O0O0

FACTORS INFLUENCING LOSSES

There are many sources of primary losses which set into motion all of the
secondary and higher order losses described above. The fault break causes
vibration, or a tsunami if the fault breaks vertically beneath a body of water. In
turn, the vibration can cause damage by various mechanisms and the damage may
result in a direct or an indirect primary loss. The action that set everything into
motion was the fault rupture. The vibration or tsunami are secondary actions and
permanent ground-failure is a tertiary action. Fire, flooding, and the release of
toxic substances primarily result from either the damage due to vibration or
permanent ground failure.

The sensitivities of the results from each investigator's input to a loss model
must be investigated regarding their impact on resulting losses, as well as for
policy-making purposes aimed at research planning, government activities, and
private activities. |f earthquake source models are either too large or too small,
the consequences on public policy are tremendous because of the nonlinear
behavior of loss models. When | made a simple comparison of the average annual
losses that might be estimated by using U.S. Geological Survey (USGS), Applied
Technology Council (ATC-3), and J.H. Wiggins Company seismic intensity maps,
the results for the entire nation were different by a factor of two. However, the
results for individual states were, in some cases, different by a factor of 100 or
more.

RECOMMENDATIONS

It is highly recommended that loss modeling enter into vogue at the Federal,
state, and corporate levels. |t is also highly recommended that sensitivity studies
be conducted on the many and varied parts of each model that has been purported
to compute losses in order to develop an improved loss-estimation nrocedure.
Lastly, it is highly recommended that losses be categorized, if not estimated, for
all of the many and varied types (primary and higher order) cited above.
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SUMMARY OF THE PEPPER PROJECT

William E. Spangle
William Spangle and Associates

INTRODUCTION

This project is an example of the use of regional intensity mapping developed
using the Evernden model (Evernden and others, 1981). Specifically, the intensity
map used was adapted from the map prepared by the State of California
Department of Conservation, Division of Mines and Geology (CDMG) for use in
Davis and others (1982). The adaptation for the Pre-Earthquake Planning for Post-
Earthquake Reconstruction (PEPPER) Project was done by Earth Sciences Associ-
ates with refinements based on more detailed local geologic information than used
for the COMG regional map.

The objective of the PEPPER Project was to evaluate the feasibility of
planning before an earthquake for rebuilding after an earthquake. Many factors
affecting the feasibility of such planning were identified. These included
availability of data on geologic and seismic hazards, information on the building
stock exposed to possible earthquakes, the state of the art of earthquake
forecasting and making estimates of probable damage, the experience and training
of local government staff, together with the local political climate and public
support for such planning.

The City of Los Angeles was selected as a site for investigation because of
its location in a highly seismic region (figure I) and the positive responses of the
city to the possibility of a large earthquake related to the Southern California
Uplift in the mid-1970's. The city has been used for prototype application of
research findings and methodology developed in the project. The research team
included: William Spangle and Associates, city and regional planning; H.J.
Degenkolb Associates, structural engineering; Earth Sciences Associates,
engineering geology; and the staff of the Los Angeles City Planning Department.
A review panel including structural engineers, scientists, and public officials
evaluated methodology and research results. Four members of the review panel
with special expertise on seismology, geologic effects of earthquakes, and
earthquake damage to structures constituted a validation panel with responsibility
for technical review of project work in these subject areas.

This summary is based on research supported by the National Science Foundation
under Grant No. 8024724, However opinions, findings, conclusions, or
recommendations are those of the author and do not necessarily reflect the views
of the foundation.
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PROBABILITY OF EARTHQUAKE AND EARTHQUAKE SCENARIOS

Based on study of the seismic and geologic environment of the city by Earth
Sciences Associates, Inc. (1982) it was concluded that there is a high probability (2
percent to 5 percent chance per year) of a great earthquake, Richter magnitude
M8.3, on the central segment of the San Andreas fault and about an equal chance
of a Richter magnitude 6 or greater event in some location within the city itself.
The M>6 earthquake could occur either on one of the numerous faults underlying
the city or in another location associated with an as yet unidentified source of
seismic activity.

Based on these conclusions, Earth Sciences Associates developed scendarios
for a great earthquake of M8.3 on the central segment of the San Andreas fault and
three M>6 earthquakes at locations chosen to illustrate the potential for damage in
different parts of the city from such earthquakes. Locations selected were:
Central City, West Los Angeles, and Long Beach (a repeat of the 1933 event). An
earthquake shaking intensity map was prepared for each earthquake showing the
probable pattern of Modified Mercalli intensities that would result (figure 2).
Areas within which some liquefaction or landsliding might occur were also
identified. However, information on underlying geology was not sufficiently
detailed to pinpoint where such ground failures would be likely to result (Earth
Sciences Associates, 1982). The earthquake shaking intensity maps (together with
other information developed in the project) have been used in estimating probable
damage to structures in each of the thirty-five planning areas in the city portrayed
in figure 3. Earthquake intensities, by planning areqd, for the four scenario
earthquakes are listed in table 1.

ESTIMATES OF STRUCTURAL DAMAGE

Estimating structural damage depends on several factors. First, it is
necessary to obtain an estimate of the severity and areal extent of ground shaking.
Next, the severity of shaking must be correlated with damage factors indicating
the damage to be expected for the various types of structures in the subject area.
Both of these components can be derived by studying the effects of past
earthquakes. Then it is necessary to obtain an inventory of structures and their
types for the area under consideration. The damage pattern and the amount of
probable damage can then be estimated by combining these three components: (1)
ground shaking, (2) probable percent of damage due to shaking for the several
classes of structures, and (3) the number and type of structures in the study area
(Evernden, 1981).

The inventory of structures was derived primarily from the city's Land Use
Planning and Management System (LUP AMS) computer file. Because of incomplete
or inaccurate coding of structures for the specific data needed for the structural
analysis, data in this file were supplemented from several other sources and
adjustments were made. Substantial work on the LUPAMS file is needed to make it
fully operational for use in making earthquake damage estimates. A fully
operational file would be of great value, not only for post-earthquake rebuilding
and for emergency response planning and operations, but also for ongoing city
planning and programming.
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Table 1. Modified Mercalli Intensities for Four Design Earthquakes

SAN WEST
LUPAMS ANDREAS CBD LA L.B.
NUMBER PLANNING AREA 8+ 6+ 6+ 6+
1 Northeast Los Angeles 6+ 7- 7 6 6
2 Boyle Heights ~ 6+ 8 7 6
3 Southeast Los Angeles - 6+ 7-8 7 7
4 West Adams-Baldwin Hills-Leimert 6 8 8 6
5 South Central Los Angeles 6+ 8 7 6-7
6 Wilshire 6 6+ 8 7-8 6
7 Hollywood i 6 6- 7 7 6
8 Silver Lake-Echo Park 6 8 6-7 6
9 Westlake 6 8 7 6
10 Central City 6+ 8 7 6
1 Central City North 6+ 8 7 6
12 Sherman Oaks-Studio City-Toluca Lake 6+ 7~ 7 7 6
13 North Hollywood 7- 7 6 6
14 . Arleta = Pacoima 6+ 8- 6 6 6
15 Van Nuys - North Sherman Oaks 7- 6-7 6 6
16 Mission Hills-Panorama City-Sepulveda 7- 6 6 6
17 Sun Valley 7-8 6 6 6
18 Sylmar 7+ 6 6 6
19 Granada. Hills = Knollwood 6+ 7 7+ 6 6 6
20 Canoga Park-Winnetka-Woodiand Hills 7- 6 6 6
21 Chatsworth - Porter Ranch 7- 6 6 6
22 Northridge 7- 6 - 6 6
23 Reseda - West Van Nuys 7- 6 6 6
24 Encino - Tarzana ' 5-6 6 6-7 6
25 Sunland-Tujunga-Shadow H's.-L.V. Terr. 6- 6 6 6
26 Westwood ' 6+ 7 S 6
27 West Los Angeles 6 7 8 6
28 Paims - Mar Vista - Del Rey 6 7 8 6
29 Venice 6+ 7 8 6-7
30 Westchester - Playa Del Rey 6- 6+ 7 8 6
31 Brentwood - Pacific Palisades 6- 6 7 6
32 Bel Air - Beverly Crest 6- 6-7 7-8 6
33 Wilmington - Harbor City 6 6 6 7
34 San Pedro 6- 6 6 6-7
35 Torrance - Gardena Corridor 6 6-7 6-7 7
36 Port of Los Angeles . 6 6 6 7
37 Los Angeles International Airport 6 7 7-8 6

Note: Arabic numerals used in place of Roman for ease in reading.
Where two or more intensities are tabulated, the Planning Area is subject to two or_

more intensities for a given earthquake either because an intensity isoseismal divides
the area or because of differences in foundation soils conditions within the Area.
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Factors relating percent damage to structure type and intensity of shaking
were derived from studies of building damage in prior earthquakes (H.J. Degenkolb
Associates, 1984; Algermissen and others, 1978). To use these factors the five
classes of buildings provided in the LUPAMS file had to be divided into several
subcategories related in part to the age of building and in part to other readily
identifiable characteristics of steel and masonry buildings. A new set of damage
ratio curves was developed for the project (Evernden and others, 1981).

For each of the four scenario earthquakes, estimates were made of probable
extent of building damage by type of structure and type of occupancy. In additon,
estimates were developed of the probable distribution of building damage by
categories "damaged but repairable" and "damaged beyond repair." The "repair-
able" category is subdivided into "habitable" and "not habitable." Estimates were
also made of probable dollar losses. All of these estimates are limited to losses in
privately owned buildings because the City LUPAMS file, derived primarily from
County Assessor's records, does not include necessary data on public buildings and
other buildings not assessed for property taxes.

The relative effects of the four scenario earthquakes are vividly illustrated in
table 2 giving estimated dollar losses in the private building stock within the City
of Los Angeles. The figure of losses from the Long Beach earthquake is low for the
City of Los Angeles because, as illustrated in figure 2, only a small portion of the
city is subject to high-intensity effects. Understanding of the level of accuracy of
these (and similarly derived) damage estimates is critical to their use. The need to
make this clear to the user was underscored by the project validation panel which
pressed for a specific definition of level of accuracy.

USE OF DAMAGE ESTIMATES

With recognition of these limitations, such estimates of probable damage can
be used in several ways:

o To provide an indication of the nature and magnitude of
emergency response needed following a scenario earth-
quake (or other similar earthquakes);

o To help the City in further defining its earthquake
hazards mitigation program;

o To prepare schematic or more definitive plans for
rebuilding heavily damaged areas;

o To define the nature of the rebuilding/recovery team
needed to respond to damaging earthquakes (or other
major disasters); and

0 To outline programs for rebuilding/recovery (or to
describe the necessary elements of such programs).
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Table 2. Private building damage cost summary for City of Los Angeles
(millions of 1982 dollars)

Residential

Postulated Earthquake Location and Magnitude

8 + San
Andreas 6 + West L.A.

Commercial

Industrial

Other

Total Cost of Damage
(all Classes, Uses and
Planning Districts)
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For the City of Los Angeles, even though there is no specific prediction
(time, location, and magnitude) of an earthquake likely to cause damage, the high
annual probability of a maLor to great earthquake on the nearby segment of the San
Andreas fault justifies both land use/rebuilding planning and projecting the nature

of the problems and responses needed for rebuilding and restoration.
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COMMENT ON THE USE AND MISUSE OF MODIFIED MERCALLI INTENSITIES

Karl V. Steinbrugge
Consulting Structural Engineer

INTRODUCTION

In 1982, the author reviewed 25 known loss estimation methodologies as they
related to buildings and lifelines, plus several more which also considered casualty
estimates. The Modified Mercalli (MM) Intensity Scale, or the data represented by
that scale, was the fundamental basis for these methods. Some methods developed
spectra or other sophisticated approaches, but the input data almost always were
based on MM intensities. An unknown number of proprietary-loss estimation
methods exist but, of those known, most make use of MM intensities.

The purpose here is to examine several of the bases upon which intensity
determinations and isoseismal maps have been prepared in the United States, and
some of their limitations.

SCALE LINEARITY

First, the intensity scale is not linear. In other words, when plotting MM
intensity as one coordinate on a graph, a uniform linear spacing of intensity units
may be convenient, but it is not necessarily accurate. The developers of this scale
(Wood and Neumann, 1931) make no reference to linearity, although it is most
likely that they strove for it. They also state: "Most serious, however, is the fact
that we do not know exactly what factors combine to constitute intensity as it is
ordinarily understood."

A brief examination of intensities in terms of human response, then with
building damage, and finally integrating these two, is of value.

Intensities and Human Response

An examination of the scale shows that it requires subjective evaluations
which may be characterized by the following extracts relating to human response
(parenthetical materials are author's comments).

MM 1:  Not felt -- or, except rarely under especially
favorable circumstances.... (not defined: especially
favorable).

MM {l:  Felt indoors by few, especially on upper floors, or
by sensitive, or nervous persons.... (not quantified
or defined: few, upper floors, sensitive, nervous).
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MM lll:  Felt indoors by several, motions usually rapid
vibration.... (not quantified or defined: several,

rapid).

MM IV: Felt indoors by many, outdoors by few.... (not
quantified: many, few).

MM V: Felt indoors by practically all, outdoors by many or

most.... Frigtened few -- slight excitement, a few

ran outdoors.... (not quantified: practically all,

many or most (more or less than 50 percent?)).

MM VI:  Felt by all, indoors and outdoors....
MM VII: Frightened all -- general alarm, all ran outdoors....

MM Vlil: Fright general -- alarm approaches panic....
(difficult to distinguish between MM VIl and MM
ViiD.

MM IX: Panic general....

While intensity as interpreted by human response is on an ascending scale,
there is no assurance, for example, that the change from MM Il to MM Il relates to
‘an equal change in shaking (or whatever) at MM VI to MM VI, Also, except for MM
Il, it has no relationship to long-period effects such as those common to high-rise
buildings at large distances from major earthquakes.

Building Damage

For the second example, examine intensity definitions as specified or
interpreted for unreinforced brick bearing-wall buildings having sand-lime mortar.
This construction type is very common in the historic record and has had a very
wide damage range. Note again the use of subjective terminology.

MM VI: Damage slight in poorly built buildings.... Fall of
plaster in small amount,...

MM VII: Damage negligible in buildings of good design and
construction, slight to moderate in well-built
ordinary buildings, considerable in poorly built or
badly designed buildings....

MM VIil: Damage slight in structures (brick) built especially
to withstand earthquakes.... Considerable in
ordinary substantial buildings.... Cracked, broke,
solid stone walls seriously....

MM IX: Damage considerable in (masonry) structures built
especially to withstand earthquakes...great in
substantial (masonry) buildings, some collapse in
large part....
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MM X: Destroyed most masonry and frame structures, also
their foundations....

MM XlI: Few, if any, (masonry) structures remained
standing....

Richter recognized the scale's limitations and restated the scale in abridged
and rewritten fashion (Richter, 1958, p. 136-139). Pertinent to the foregoing
discussion on building damage are his added definitions of "masonry, brick, or
otherwise.":

Masonry A.Good workmanship, mortar, and design; re-
inforced, especially laterally, and bound together
by using steel, concrete, etc.; designed to resist
lateral forces.

Masonry B. Good workmanship and mortar; reinforced, but
not designed in detail to resist lateral forces.

Masonry C.Ordinary workmanship and mortar; no extreme
weaknesses like failing to tie in at the corners,
but neither reinforced nor designed against
horizontal forces.

Masonry D.Weak materials, such as adobe; poor mortar; low
standards of workmanship; weak horizontally.

These restated definitions for unit masonry are substantial improvements, but
they remain subjective. "Good," for example, will be differently interpreted as to
steel spacing, cleanouts, mortar lip removal, inspection, etc. Additionally,
engineers in one grea may have a reasonably common definition of "good" which
may vary from that found in another region. In California, the Los Angeles
practice differs in some detail from the San Francisco practice with each being
"good" but not equivalent in the opinion of many competent engineers. In actual
practice, Richter's "designed to resist lateral forces" may vary by a factor of 5 or
more, depending on local practice variations, depending upon which edition of the
building code was used (seismic codes generally have become more restrictive with
time), and depending on the designer's capabilities and philosophy (that is, liberal or
conservative).

NONCOMPATIBLE EFFECTS

The two examples discussed were each related to a specific kind of seismic
effect: (1) to human reactions, and (2) on inanimate objects (in this case, to non-
reinforced unit masonry building performance). But intensity determination
becomes a different and more complex problem when combining both to arrive at a
common intensity.

Voight and Byerly (1949, p. 26) examined the assignment of MM 1V through
MM VI to human reactions and to effects on inanimate objects. While their MM
intensity range was at the threshold values of damage, their findings are worth
reviewing:
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If the effects on inanimate objects suggest intensity IV, it
seems reasonable to raise the intensity to V if the earth-
quake was reported felt by all. If the former tests indicate
V, it seems reasonable to raise it to VI if it was felt by all.
We do not advocate raising the intensity by two grades on
the "effects on people" criteria.

The criteria "felt by several" and "felt by many" do not
appear to be grounds for differentiation of intensity
between IV and V.

"Frightened many" seems to offer justification for an
increase from IV to V or from V to VI.

"Awakened all" requires an intensity of at least VI, from the
foregoing study. "Awakened many" should justify a V
without auxiliary information.

The suggestions given here justify earlier practices of the
United States Coast and Geodetic Survey . ...

It would appear that MM VI on isoseismal maps by the U.S. Coast and Geodetic
Survey may overstate the damages indicated by the definition of each intensity,
with this overstatement being one intensity unit. This has some significance in
monetary loss estimates for great earthquakes which have large areas of intensity
VI, for example.

With construction types increasing (many of which were not contemplated
when the present MM scale was developed), the problems with intensity determina-
tions from MM VI through MM |X become more complex because the adjustment
process must consider additional kinds of effects. Normally, only judgment and
experience can assure any semblance of compatibility among intensity evaluations.

Guidelines are necessary in order to give consistency. The following is from
a written communication from William K. Cloud (then Chief, Seismological Field
Survey) to S.T. Algermissen, dated October 28, 1969, a copy of which was sent to
the author:

. . «The intensity rating for an urban area is based on
intensity ratings of many sub-areas. And since factors that
control damage vary in an urban areq, intensity ratings of
the sub-area vary. Now the rating assigned to any sub-area
indicates that in the judgment of the person making the
rating at least 51% of the observed effects met M.M.
criteria for that rating. In turn the rating assigned to the
entire urban area indicates that at least 51% of the sub-area
ratings were equivalent to the rating assigned. This reason-
ing suggests that if a small area is considered, a 50% rule
might be used, and if a large area is considered, a 25% rule
might be used.

150



Since an intensity rating can be based on several criteria,
the percentages would require some adjustment for appli-
cations to a single criteria. For example, in a sub-area
rated intensity VIl it would be foolish to say 50% of the
chimneys were damaged if there were no chimneys in the
sub-areas.

ISOSEISMAL MAPS IN HIGH INTENSITY AREAS

If one examines the isoseismal maps prepared by government agencies after
the earthquakes of 1952 Kern County (California), 1959 Hebgen Lake (Montana),
and 1971 San Fernando (California), it will be noted that no detailed isoseismal
maps exist which show isoseismal lines for the epicentral areas (figures | through
3). Conflicts existed among the rating observations to the extent that no
isoseismal lines were drawn for the higher intensities.

Other approaches have been used, often with specialized data, giving results
not necessarily compatible with Modified Mercalli intensities. For the 1971 San
Fernando earthquake, for example, see Steinbrugge and Schader (1973) as well as
Johnson and Duke (1973).

Since the higher intensities are of particular engineering interest and also of
great importance in vulnerability studies, the writer has certain reservations when
these higher intensities are given with precision to areas which have never
experienced an earthquake. The value of relevant experience in these situations
can not be overestimated.

LONG PERIOD EFFECTS

The Modified Mercalli Intensity Scale was never intended to include long-
period effects, and does not fit in these cases. In the 1964 Alaska earthquake,
where well-built earthquake-resistive multistory buildings in Anchorage were
generally damaged, items rarely fell from the shelves of residences that were not
in landslide areas. In the 1985 Mexico earthquake, the author was in a one-story
drug store where nothing overturned or fell from the shelves, yet this drug store
was in the midst of collapsed and partially collapsed multistory buildings.

No intensity map was drawn for the city of Anchorage, Alaska, after the 1964
Alaska earthquake. The intensity map for this earthquake was prepared under the
direction of Cloud and Scott (1967, p. 7) who stated:

The results of bringing together long- and short- period
effects are not serious when attempting to rate moderate
earthquakes. However, results are striking when attempting
to rate major events, such as the Prince William Sound
(Alaska) Earthquake, due to the greatly increased proportion
of long-period effects to short-period effects. The effects
in Anchorage, Alaska, offer a classic example. . . . The
U.S. Coast and Geodetic Survey's solution to this problem
was to assign a range of intensities rather than a single
intensity .. ..
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MM ARITHMETIC

There have been some engineers and scientists who have related intensities
taken from isoseismal maps to damage and to acceleration, sometimes interpolat-
ing intensities to obtain building design values to 2 or 3 significant figures. Then
there have instances where arithmetic has also been used with these values.

There is no serious quarrel with MM arithmetic, provided the user under-
stands the quality of the data. The author is not at all assured that persons who
have never field examined an earthquake, never prepared an isoseismal map, never
examined the back-up data which went into an isoseismal map, and never examined
the ever-changing code design criteria and engineering calculations required by
earthquake-resistive design, have always been able to perform MM arithmetic with
any significant degree of accuracy.

SCALE'S USEFULNESS

Most evidently, isoseismal maps are one kind of summary record of what
happened. Unpublished basic observed data can be expected as the back-up
material. In any applications study, "what actually happened" far outweighs any
theoretical model which describes "what might have happened" if there are any
discrepancies between results. Obviously, extrapolation is necessary for studies of
areas where no previous experience exists, or to evaluate a postulated greater
magnitude earthquake than found in local historic experience.

Considering the variables, it is not unreasonable to find that several
investigators studying the same area will develop widely differing vulnerability
estimates. Evaluating the quality of varying estimates found in vulnerability
studies is quite difficult, if not impossible, by persons who have not worked in the
subject area. Not having standards to go by, governmental disaster response
agencies can and do receive conflicting vulnerability estimates.
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LOSS ESTIMATION BY THE INSURANCE INDUSTRY
FOR A MAGNITUDE 8.25 EARTHQUAKE IN CALIFORNIA

Richard J. Roth, Jr.
California Department of Insurance

Each year the California Department of Insurance sends out a questionnaire
to each licensed property/casualty insurance company. The questionnaire is
designed to provide the Department of Insurance with an estimate of each insurer's
probable maximum loss (PML) on insured structures in the event of an earthquake
of M8.25. The industry responses relate only to earthquake insurance coverage on
structures and contents. Not included are some insurance coverages such as
automobile, workers' compensation, and life and health.

The results have been:

-Probable Maximum Loss (PML) by Year
(in millions of dollars)

Earthquake Zone 1982 . 1983 1984
San Francisco $3,063 $3,944 $3,381
Los Angeles 54,174 $5,483 $4,660

The decline in 1984 was due entirely to changes in insurance on commercial
risks. The aggregate PML on residential structures actually increased slightly.
Effective January |, 1985, every insurance company selling residential insurance in
California must offer earthquake insurance. This new law has increased the
public's awareness of earthquake insurance, so that the number of homes insured
for earthquake damage has risen from 7 percent to about |5 percent.

Because of this requirement to offer earthquake insurance on residential
units and because of the large exposures on commercial buildings, the insurance
industry has a great need to know more about the factors which contribute to
earthquake insurance losses, such as: the type of structures (wood frame or
masonry), soil conditions, proximity to faults, applicability of building codes, and
susceptibility to landslides. Also, there is a need to know how quickly the insured
losses decrease as the deductible rises.

The better quantified these factors can be, the better the insurance industry
can price and market earthquake insurance. Also, this will enable the insurance
industry regulatory authorities to know if the insurance industry can pay the
insured losses in the event of a great earthquake.
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SOME INSIGHTS ON THE USE OF SHAKING INTENSITIES
IN EARTHQUAKE LOSS ESTIMATION

Rachel M. Gulliver™
Dames and Moore

INTRODUCTION

Over the past six years, | have had the opportunity of using the Evernden
model for the prediction of shaking intensities (Evernden and others, 1981) in a
variety of applications for estimation of earthquake losses and development of
planning scenarios. | offer here some thoughts and insights on the value, accuracy,
and limitations of the existing intensity model, the importance of accurate
intensity prediction for similar applications, and some possible directions for
improving upon and applying intensity predictions.

Methods available prior to the Evernden model were based largely on distance
from the causative fault; they portrayed intensities as concentric circles and ovals,
without any direct recognition of the influence of local soils and geologic
conditions. This produced a highly generalized portrayal of earthquake effects,
similar to the intensity patterns recorded from sparsely-populated regions with
relatively few points of reported intensity, and most of them on alluvial soils.
However, these methods were not able to predict the striking complexity of
intensity patterns that were recorded in urbanized areas of varied geologic and
soils conditions, such as the 1906 San Francisco earthquake (Lawson and others,
1908), the 1933 Long Beach earthquake (Poeschel and Stromberg, 1980) and the
1971 San Fernando earthquake (Scott, 1973).

The Evernden model for prediction of shaking intensities (Evernden and
others, 1981; Evernden and Thomson, |1985) provides a means of incorporating many
of the significant contributing factors in the generation of ground motion. Most
significant among these are the attenuation (or die-off) rate characteristic of the
specific region, and the general influence of local soils and geologic conditions on
the intensity of ground shaking.

My direct experience in applying the Evernden model to earthquake loss
estimation and scenario development includes:

o Estimation of housing losses and homeless caseload
over an 8-county region of southern California for a
magnitude 8+ earthquake on the San Andreas fault
(Gulliver, 1986), as described below;

*
Now with Guliliver Associates, Northridge, Caiifornia
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o} Pilot project for earthquake hazard assessment and
loss estimation in San Bernardino County, including
loss estimation for large earthquakes on the San
Andreas and San Jacinto faults (Gulliver, 1983); and

o Estimation of dollar loss for a large portfolio of
investment properties in northern and southern
California (20 counties).

DISCUSSION OF THE EVERNDEN MODEL

The reliability of the Evernden model was tested for southern California,
through an independent comparison of the historical intensities for the 1857 Fort
Tejon earthquake with the predicted intensities for the same event. The intensities
documented by Agnew and Sieh (1978) from historical accounts were reinterpreted
directly as Rossi-Forell intensities by Sieh (personal communication) and compared
by Gulliver (1986) with the predicted intensities for the same locations. Out of 16
locations in southern California, the prediction intensities agreed completely at 8
locations, and are within 2 intensity at all but three locations (Gulliver, 1986). Of
these, the discrepancy at two locations has been reconciled by subsequent
investigation of the location and geologic and structural conditions at the historic
settlement sites. This is a very reasonable level of accuracy for first-order
regional earthquake modeling. However, it was not possible at the time to test the
model against an earthquake with a more intricate pattern of intensity distribu-
tions, as recorded in a more densely populated urban area.

In view of its demonstrated success and continuing application, the limita-
tions of the Evernden model should also be recognized. These include:

o The geologic ground conditions are digitized on a %-
minute grid pattern, which lacks refinement and detail
at the sub-regional and community level;

o The alluvial valleys, which generally contain the
largest population densities, are mapped as one
geologic unit, Quaternary alluvium, with no further
breakdown or distinction;

o Alluvial areas with high ground water are assumed to
have one intensity higher shaking than unsaturated
alluvium, whereas recent investigations (Rogers and
others, 1985) in the Los Angeles region suggest that
depth to ground water is not a significant determinant
for ground shaking; and

o The intensity predictions correlate primarily with
high-frequency shaking, as related to the natural
period of ordinary low-rise structures. Magnitude-
dependent adjustments must therefore be made when
applying the intensities to estimation of long-period
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phenomena such as liquefaction, seiche, and damage to
high-rise buildings and other large structures.

AN EXAMPLE USING PREDICTED SHAKING INTENSITIES
FOR LOSS ESTIMATION

| have developed an enhanced prediction of shaking intensities for a
magnitude 8+ earthquake on the San Andreas fault as background data for the
estimation of housing losses and homeless caseload over an 8-county region of
southern California (Gulliver, 1986). The objective of the study, conducted for the
Federal Emergency Management Agency (FEMA) in 1979 and 1980, was to
determine the operational requirements of Federal agencies for meeting the needs
of families made homeless in a catastrophic earthquake. Tables | and 2 summarize
the results of the analysis, which formed the basis for development of a Federal
diasaster housing plan for southern California.

This loss estimation study required the development of an overall
methodology and several new technqiues to meet the planning requirements:

o Evernden's approach for the prediction of shaking
intensities was refined to provide more appropriate
information at the community level. The original
source maps for geologic ground conditions were used,
rather than the 2-minute grid pattern of the Evernden
model to provide a more accurate delineation of
geologic contracts and for correction of data entry
errors transferred from the original model.

o Areas of high ground water were compiled and added
to the data base to provide adjustments in shaking
intensity corresponding to the scientific thinking of
that time. The data base for areas of high ground
water was also used in the estimation of losses from
liquefaction damage. These refinements have
subsequently been incorporated by Evernden and
adapted by Davis and others (1982) and the Southern
California Earthquake Preparedness Project (1983) for
regional modeling of earthquake hazards.

o) Shaking intensity was designated with %-intensity
increments, in order to avoid artifically large jumps in
homeless caseload across highly gradational boundaries
in intensity (as related to distance from seismic
source).

o) Separate loss-estimation procedures were developed
for damage components relating to ground shaking,
fault rupture, liquefaction, and earthquake-induced
landslides, as well as extended utility outage and dam
failure accompanying the earthquake. Local shaking
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Table I. Housing caseload by operational components.

CASELOAD COMPONENTS HOUSEHOLDS*

Structural Damage

Permanent Homeless 22,000
Repairable Conditions 37,000
SUBTOTAL (59,000)

Utility Outage Only (no structural damage) 46,000
Mortgage and Rental Assistance 11,000

(no prolonged loss of income,

no structural damage)

PROBABLE CASELOAD SUBTOTAL (116,000)

Dam Failure Contingency

Evacuation 66,480* *
Homeless 19,000
POTENTIAL CASELOAD TOTAL 135,000

*  Housing caseloads are rounded to the nearest thousand.

**  Short-term shelters for evacuated populations would be the responsibility of

local agencies; such shelter is not included in the Federal housing caseload.
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Table 2. Homeless households by county for a M8+ earthquake on the Mojave
segment of the San Andreas fault.

Modified from Gulliver, 1986.

Structural Damage

Utility Total
County Housing Single Multi- Mobile OQutage Homeless
Units Family Family Homes Only Households

Kern 142,401 400 100 1,700 700 2,900 (2.1%)
Los Angeles 2,681,915 5,000 12,300 4,500 20,600 42,400 (1.6%)
Orange 698,214 2,500 2,900 2,000 9,800 17,200 (2.5%)
Riverside 253,476 1,100 900 4,000 2,900 8,900 (3.5%)
San Bernardino 296,014 3,900 2,400 9,300 5,300 20,900 (7.1%)
San Luis Obispo 62,176 200 100 500 500 1,300 (2.1%)
Santa Barbara 114,636 400 400 700 1,200 2,700 (2.4%)
Ventura 170,174 1,300 1,200 1,300 5,100 8,900 (5.2%)
TOTALS 4,419,006 14,800 20,300 24,000 46,100 105,200 (2.4%)
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intensity became a significant factor in all
components except fault rupture.

o Long-period shaking effects were addressed by the
development of magnitude-dependent loss rates for
liqguefaction damage and damage to high-rise buildings.
This reflects both the high levels of long-period energy
created in an earthquake of this magnitude and the
low attenuation (or die-off) rate for long-period
ground motion.

o A wide variety of data sources on residential damage
in historical earthquakes were correlated with
intensity and used to develop homeless loss rates for
each of eight building types or structural classes.

o Whereas previous loss estimates focused principally on
immediate post-disaster conditions, Gulliver (1986)
covers conditions from emergency evacuation on day
one, through dwellings posted unsafe after inspection,
to victims who have no long-term prospects of
rebuilding or relocating within their economic means.
The housing caseload is thereby recognized as both an
immediate and a long-term problem, which is
complicated by economic conditions within the region.

o The more detailed presentation of predicted shaking
intensities allowed a breakdown of losses to the
community level, providing a better portrayal of the
distributions and concentrations of homeless house-
holds within the region.

This project was the first loss-estimation study to address earthquake damage
as it relates to projected need for disaster housing assistance. As a prototype
study, it identifies the necessary components of loss estimation and bridges a
difficult gap by providing a means of relating a variety of historical earthquake
data to criteria for habitability of dwellings. The procedures and loss rates could
also be applied to other earthquake scenarios in areas with similar types of
residential buildings, and adpated for use in other regions of the nation that have
substantially different types of residential structures or different seismic code
standards. Adaptations of the general methodology are currently being used for
other categories of loss estimation and for development of detailed disaster
planning scenarios.

THE IMPORTANCE OF INTENSITY PREDICTIONS

Predicted shaking intensities are a very important component of earthquake
loss estimation, because they are the only current basis for correlating the types
and degrees of damage with the size of the earthquake, the regional geologic
conditions, and the multiple locations of structures or facilities within the region.
The principal components of earthquake loss estimation are shown in table 3. Of
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Table 3. Components of earthquake loss estimation.

EVENT DEFINITION

o Magnitude of earthquake

o Location, fault rupture length

GROUND EFFECTS

o Shaking intensities
o Liquefaction potential
o Fault rupture

ELEMENTS AT RISK

Inventory of structures
Lifelines

Population characteristics

o o o o

Economic parameters

LOSS RATES FOR THE ELEMENTS OF RISK

Life loss, injuries
Dollar loss
Loss of function

Down time

O O O o ©O

Secondary losses
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the several ground effects, shaking intensities are a major contributing factor for
liquefaction potential, landslide potential, and some types of inundation. In
addition, specific loss rates correlate with shaking intensities on a logrithmic basis,
with substantial increases in loss with each incremental increase in intensity.

The importance of shaking intensity was demonstrated by a simplified
sensitivity analysis conducted within the regional estimation of homeless house-
holds (Gulliver, 1986). The sensitivity analysis evaluated potential effects of minor
to moderate deviations in input data on the resulting loss estimates. The principal
components tested include: loss rates, completeness and accuracy of structural
inventories, and intensity. The general results of the sensitivity analysis are shown
in table 4 and summarized here.

Building inventories that are not complete (that do not document all the
pertinent buildings in the area) create errors in approximate proportion to their
degree of incompleteness, with some variations, depending on whether the missing
structures are more or less vulnerable than average. Where the structural
characteristics of the building inventory are incorrectly identified, errors would
range from a few tens of percent (for example, where only one identifier is mis-
categorized or the misidentified category is one with a similar loss rate) to several
hundred percent where a major misidentification is made (for example, where all
the highly resilient, modern wood-frame buildings are identified as highly
vulnerable unreinforced masonry).

Inaccuracies in the determination bf loss rates are estimated to be within 30
percent, if they are carefully developed from substantial data on historic
earthquake damage. However, where significant errors or incorrect assumptions
are made in the derivation of loss rates, they may be in error by several hundred
percent. Some widely used loss data could not be used for the estimation of
homeless households because inaccurate assumptions in the correlation with
shaking intensity had produced errors as high as 300 percent.

The evaluation revealed that shaking intensity is a highly sensitive component
of loss estimation. Temporary generalizations initially used in the housing study
produced an over-all increase of 1/4 intensity, until it was discovered that this
modest increase resulted in a 50 percent increase in losses, which was compounded
by several other assumptions that also tended to increase the total estimates.
When deviations or inaccuracies in predicted intensity are higher than this modest
level, the errors are even more striking: an increase of % intensity unit produces a
125 percent error, one intensity unit produces a 400 percent error, and two
intensity units results in a 2500 percent error. It must be concluded that accurate
prediction of shaking intensity or other measure of ground motion is probably the
single most important component of loss estimation.

LIMITATIONS OF INTENSITY SCALES
The Evernden model expresses shaking intensities in either the Modified

Mercalli or Rossi-Forel scale, as specified by the user. Each of these has inherent
limitations relating to the types of construction for which they describe damage.
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Table 4.  SENSITIVITY RANGES FOR COMPONENTS OF EARTHQUAKE LOSS
ESTIMATION. Based on analysis of parameters used in development of

disaster housing caseload (Gulliver, 1986).

COMPONENT DEVIATION ERROR

BUILDING INVENTORY

Completeness

-10 % i 10 %
=25 % 25 %
-50 % 50 %
Structural
Characteristics minor - T 10-30%
major 100-500 %
LOSS RATES
minor 30 %
major 100-500 %
INTENSITY UNITS + /4 +50 %
+1/2 +125%
+ 1 +400 %
+ 2 +2500 %
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The Rossi-Forel scale was developed by Swiss and Italian investigators in the
early 1880's, and correlates most directly with damage to the types of construction
that were common in Europe through the 1800's. A second limitation, that "an
enormous range of intensity was lumped together at its highest level, X" (Richter,
1958), is not a significant problem when used with the Evernden model, because
that model predicts only the degree of ground shaking, whereas damages at
intensity X and higher are assumed to result largely from varying degrees and types
of ground rupture, which can be modeled separately and superimposed on the
ground shaking results.

The Mercalli scale originated in Europe in 1902, with substantial modifica-
tions in 1923 and again in 1931, Although it benefited from damage observations in
Japan and America, and gained additional intensities in the higher range, the
Modified Mercalli scale of 1931 is designed to correlate with damage to structural
types and seismic design practices prevalent at that time.

Building practices and construction standards have evolved in many ways
since the 1930', and even since Richer's 1956 commentary on the Modified
Mercalli Scale. Seismic design standards have been progressively strengthened
through earthquake observations, extensive research, and multiple code changes.
At the same time, many new types of building systems have been developed. Some
of them have superior seismic resilience, whereas others, such as tilt-up buildings,
soft first-floor construction, and some prestressed concrete, are generally more
vulnerable to earthquake damage than originally anticipated. The Modified
Mercalli Scale, in its current form, simply does not describe the respective levels
of damage to post-1950 constructiom types, and must therefore be used with
caution, both for post-earthquake intensity designations and for predictive
applications to loss estimation and scenario development.

The Modified Mercalli and Rossi-Forel scales are also very limited in their
application to long-period effects such as liquefaction, large slump-type landslides,
tsunamis, and damage to dams, high-rise buildings and other large structures. The
few long-period effects that are mentioned (for example, large landslides), are
generally placed where they appear in earthquakes of moderate magnitude
(Richter, 1958). Compared to moderate earthquakes, large earthquakes produce
much higher levels of long-period ground motion, which has a much lower
attenuation rate, allowing it to be propagated to much greater distances than the
high-frequency motion. At present, the regional distribution of long-period effects
must be modeled separately (Gulliver, 1986).

The recent Mexico earthquake of September 19, 1985, provides a striking
example of both the long-distance propagation of long-period waves and the
influence of local geologic conditions on ground motion. In Mexico City,
approximately 400 km from the epicenter, unreinforced masonry buildings with
tall, thin parapets were undamaged and most loose items stayed on shelves and
tables (Modified Mercalli Intensity V), whereas many 8- to |5-story buildings were
severely damaged or collapsed. The magnitude 8.1 earthquake generated substan-
tial levels of long-period energy, which persisted even at great distance from the
energy source. In addition, the deep, unconsolidated lake deposits that underlie the
concentrated zone of high damage produced resonant amplification of the long-
period motion, especially for waves with periods in the 2 second range (see figure

D.
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EL CENTRO VS. MEXICO CITY
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Figure 1. Comparative response spectra for the 1940 E1 Centro

earthquake and the 1985 earthquake as recorded in
Mexico City; 5% damping for both.

(Courtesy of W.E. Gates, Dames and Moore, Los Angeles;
after Jorge Prince, UNAM, Mexico.)
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Further examination of figure | reveals another potentially significant factor
in the prediction of structural damage. Most modern seismically designed buildings
use records from the 1940 El Centro, California, earthquake and similar moderate-
size events as a point of reference in their design. These records have the highest
ground motions at periods of one second and less, falling of f progressively at longer
periods. With modern design practice, it is assumed that the ductility of the
building will absorb the strongest earthquake energies through minor, non-detri-
mental deformation of the structure, which also shifts the natural period of the
building to a longer period where it will supposedly experience lower levels of
acceleration (as would be the case under shaking for the El Centro event). In
Mexico City, buildings of 8 to 15 stories generally had natural periods in the range
of 0.5 to 1.5 seconds, which received strong, but not severe levels of shaking.
However, as these buildings underwent the expected ductile deformation and
shifted into longer periods, they were subject to progressively higher accelerations
in the longer periods, which produced the unusually high levels of damage.

At present, we do not have the capability to map shaking intensities for
intermediate- to long-period ground motion, although some significant work is
being done that may eventually contribute to that end (Rogers and others, 1985;
Joyner and Fumal, 1985). Also needed is a means of identifying those areas where
resonant amplification of the soils at longer periods will increase the levels of
c(i:qmage to buildings with intermediate structural periods, as occured in Mexico

ity.

FUTURE RESEARCH DIRECTIONS

The accuracy of predicted-intensity maps and their usefulness both for public
policy development and for earthquake mitigation and preparedness can be
significantly improved by upgrading both the detail and accuracy of the input data
for ground conditions. The ground conditions, representing the relative ground
shaking behavior of soils and geologic units, should be digitized in greater detail
than the current 2-minute grid. The more detailed mapping of Quaternary alluvial
units and shear-wave velocities that is now becoming available (Tinsley and Fumal,
1985; Fumal and Tinsley, 1985) could provide an initial basis for significant
upgrading of ground conditions. However, full development of either of the
methods of Joyner and Fumal (1985) or Rogers and others (1985), also requires the
evaluation of subsurface geologic conditions to depths of 100 m in alluvium and 400
m in bedrock. In addition, the delineation of surficial deposits necessary to these
evaluations (Tinsley and Fumal, 1985) is currently available only at 1:250,000 scale,
whereas 1:100,000 and 1:48,000 scale maps are needed for sub-regional and local
applications.

The assumption used by Evernden regarding the role of high ground water
should be further tested in other settings and by other investigators. The assumed
increase of one intensity unit for areas of high ground water has a major influence
on the distribution of earthquake losses, when evaluated at a sub-regional level.

A substantial upgrading of intensity prediction could be obtained by careful
adaptation of the methodologies developed by Rogers and others (1985) for
determination of spectral amplification ratios. This method depends in part on
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the evaluation of subsurface data to determine sediment void ratios and thickness
of Holocene deposits. To date, these data have only been compiled for a 5 by |7
mile strip extending from the easternmost Santa Monica Mountains to Compton in
southern California. A high priority should be placed on the extension of this data
set by collection and compilation of existing data from available boring logs.

The available methods for intensity prediction are inadequate for use in
estimating damage to the rapidly increasing number of large structures in the Los
Angeles region that are sensitive to intermediate- and long-period ground motion.
Future applications in earthquake-loss estimation and planning scenarios will
require a means for systematically predicting the degree or intensity of ground
motion at these longer periods. The new methods of Joyner and Fumal (1985) and
Rogers and others (1985) for predicting spectral variations in ground motion should
be carefully examined for possible adaptation to this end.

The potential for resonant amplification of ground motion by soil needs
further development in the Los Angeles region. Resonant amplification of ground
shaking in spectral bands corresponding to common structural periods has a
significant potential for producing areas or pockets of unusually high damage to the
related structural classes. This is particularly important in loss estimation and
scenario development for large earthquakes of magnitude 7 and greater, which are
likely to produce significant levels of long-period motion. The current methods of
Joyner and Fumal (1985) do not address the potential for resonant amplification.
However, the incorporation by Rogers and others (1985) of depth to major
" impedance boundaries, and their evaluation of spectral amplification ratios as
related to soil characteristics and depth to major contacts, provides a potential
means of identifying such areas of pronounced shaking damage. The potential for
expansion and application of their work should be carefully explored.

Regional and sub-regional maps of shaking intensities and ground shaking
characteristics, along with their applications in loss estimation and planning
scenarios, can have a significant influence on public and corporate policies. Major
decisions in land use, earthquake mitigation programs, and preparedness strategies
will be influenced by the information provided. It is especially important that both
the scientists and the user audience understand the relative accuracy and level of
reliability of the information produced. One relatively simple method of evaluat-
ing reliability is to test both the current model and any upgraded versions against
the documented shaking intensities from historical earthquakes. Evernden uses this
method to evaluate regional patterns of intensity and to identify probable
causative faults for historical earthquakes (Evernden and others, 1981). However,
a great deal could be learned from a more detailed evaluation of the predicted
versus observed intensities for historical events in populated areas where there is a
relatively high density of intensity observations. This would significantly improve
our understanding of the adequacy of data on geologic ground conditions, and help
identify potential influence of such factors as resonant amplification and fault
rupture characteristics.

The significance of shaking intensities in earthquake loss estimation should be

further evaluated by an expanded and more rigorous sensitivity analysis which
evaluates each component and assumption used in the loss estimation process.
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The working descriptions of damage as correlated with each intensity should
be expanded and updated to include a wider range of modern structural types and
specific code design levels.

Following the next major urban earthquake, intensive investigations of
damage should be undertaken to:

o Document the pattern of long-period effects;

o Provide additional data for correlation of intensity
with recorded ground motion; and

o Upgrade the available loss rates by documentation of
both damaged and undamaged buildings in statistically
significant sample areas of each intensity zone.

If these investigations are properly structured, they could also provide a
substantial basis for updating the working descriptions of damage at each intensity
level.
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COMMENTARY ON PREDICTING SEISMIC INTENSITIES
FOR RESPONSE PLANNING AND LOSS ESTIMATION

Brian E. Tucker
California Division of Mines and Geology

INTRODUCTION

Talks by Jack F. Evernden, Michael S. Reichle, Paul J. Flores, and John H.
Wiggins and comments by William E. Spangle, Kar! V. Steinbrugge, Richard J. Roth,
Jr., and Rachel M. Gulliver discussed the development and use of methods for
predicting seismic intensities for response planning and loss estimation. It was
shown that, on the one hand, as crude as these methods are, they are one of the
most useful tools of emergency response planners, while, on the other hand, it is
not clear how or, indeed, if they should be improved.

The purpose of my commentary is to help answer the questions: "Which
hazard-reduction strategies are most effective and how can they be improved?"
and "What additional scientific and technical information is needed for reducing
earthquake hazards?' This commentary has three parts. First, the principal
method used today for predicting seismic intensities is described and its
applications and shortcomings are included. Next, possible improvements in the
vtilization of this method are discussed. Finally, ideas on how the method itself
can be improved are summarized. Most of the commentary is based on the working
group session, but | have synthesized what was covered and have added my own
analysis and opinions.

DESCRIPTION OF EVERNDEN'S PREDICTIVE METHOD
AND ITS CURRENT APPLICATIONS :

Estimates of seismic intensity were originally used, more than a century ago,
to determine the location and size of earthquakes. The scheme developed was
subjective and imprecise. Today, seismic instruments are well calibrated and
widely distributed, and therefore intensity is no longer used to determine
magnitude and location of earthquakes. Intensity estimates remain, however, the
only way to determine the location and magnitude of earthquakes that occurred
before instruments were available, an activity that has become important recently
in establishing the seismic history of several regions in the United States. For
example, intensity records of pre-instrumented earthquakes are important in
making estimates of seismic risk in the eastern United States, where seismicity is
low, and they have been used in developing the prediction of an earthquake for the
segment of the San Andreas fault near Parkfield, California.

173



The use of intensity measurements that concern us here, however, is in
estimating the effects of future earthquakes on manmade structures. Intensity has
been used for this purpose for decades. Estimates of damage from future
earthquakes were first made by relying heavily on the experience of the individual
making the estimates. A significant improvement came in 1973 when J.F.
Evernden developed a computer program to automatically calculate intensity for
any given length of earthquake fault rupture. This program accounts for the
effects of variations in local geology on seismic motion and can be calibrated with
observations of intensity produced by past earthquakes. It can, in principle, be
applied by someone not expert in seismology, the effects of local geology on
seismic motion, or the effects of shaking on structures.

Beause of its convenience, Evernden's method has been applied to aid in the
preparation of emergency response plans for potential earthquakes in several areas
of California. Perhaps the most well-known applications are the earthquake
scenarios published by the California Division of Mines and Geology (CDMG) for
predicting effects of a repeat of the 1906 San Francisco and the 1857 Fort Tejon
earthquakes on lifelines such as modern-day airports, harbor facilities, electric
power networks, water distribution systems, fuel depots, freeways, and railways.

Evernden's method has also been applied by the CDMG to postulated
earthquakes on the Hayward and San Diego Rose Canyon faults, where the effects
on lifelines were estimated and potential hazards to schools and hospitals were
discussed. A fifth scenario is now being prepared for a potential earthquake on the
Newport-Inglewood fault.

The purpose of these scenarios is to show land use and emergency response
planners that -a major earthquake is a regional rather than a local problem.
Response strategies that work for local emergencies, such as fires, may not work
for major earthquakes. Ambulances and fire trucks may not be available from
neighboring communities and, even if they were, blocked streets and lack of water
might render them nonfunctional. These scenarios conveyed the scope of the
problem and have resulted in the preparation of emergency response plans, the
discussion of hazard-reduction measures, and the development of post-event
recovery strategies.

While this response planning represents a significant improvement over what
existed in the past, several shortcomings have been recognized. First, the
predictions of intensity are sensitive to the input parameters that are assumed.
The effects on the calculated intensity of some of these parameters may be
incorrectly estimated since they are poorly known and vary significantly from
region to region. For example, the effects of differences in local geologic
conditions can change the calculated intensity by as much as three units, which can
change the estimated intensity from a VI ("felt by all; many are frightened and run
outdoors. Some heavy furniture moved; a few instances of fallen plaster or
damaged chimneys") to a IX ("damage considerable in specially designed structures;
well-designed frame structures thrown out of plumb; damage great in substantial
buildings with partial collapse. Buildings shifted off foundation. Ground cracked
conspicuously. Underground pipes broken."). The effects of the assumed properties
of the earthquake source (such as rupture mechanism, magnitude, and hypocentral
depth) are relatively well known but can be large and significantly different from
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earthquake to earthquake. Thus, the intensity pattern produced by the postulated
earthquake used in any scenario could differ greatly from that produced by the
actual earthquake for which the response plans are being made. Finally, and
perhaps most serious, structural damage is not easy to predict since it is sensitive
not only to intensity (a change of | unit in intensity can result in a 500 percent
change in damage) but also to the quality, age, and type of structure.

Ironically, one of the principal vulnerabilities of Evernden's program derives
from its principal advantage: convenience. Since it can be applied by people
untrained in engineering, seismology, or geology, it may be misused. For example,
some users express the intensities calculated by the program in fractions of a unit
(e.g., VII .3), a degree of precision that is unwarranted by the method. Further,
uncertainties in the derived scenario may not be appreciated. A scenario based on
a postulated earthquake may be treated as a prediction of what will actually occur
in the future. Emphasis on the effects of shaking may have obscured the fact that
earthquakes can produce equal or greater damage by inducing liquefaction,
landslides, ground displacements, and indeed, human behavior that can jam
telephone circuits and highways. The very accessibility of Evernden's program,
therefore, might underestimate the consequences of a major earthquake.

These shortcomings have prompted suggestions for improvement, both in the
utilization of the existing method and in the method itself.

IMPROVED UTILIZATION

Utilization of the Evernden method could be improved by working closely
with the users of the scenario in order to establish and clarify the method's
reliability. Users should understand the method's limitations, assumptions, range of
usefulness, and sensitivity to input parameters. One means of accomplishing this
would be to conduct an experiment where different teams of seismologists,
geologists, and engineers were asked to predict the damage that would result from
a particular hypothetical earthquake. Each team would use the same computer
program, the same hypothetical earthquake, and the same building inventory. A
comparison of the different estimates of damage would demonstrate the method's
uncertainties. Another approach would be to have different teams predict the
intensity pattern that will result from the Parkfield, California, earthquake that is
expected to occur in the next several years and to compare predictions with
observations. (In this case, the predictions of intensity should not make use of
observations of intensity from past Parkfield events, but treat this predicted event
as any central California earthquake.)

Improvements in our ability to make damage estimates can also be made by
working more closely with engineers. Estimates of damage that would be
experienced in common construction types are uncertain by a factor of two. For
unique structures, such as lifelines, the uncertainty is even greater. The Applied
Technology Council has undertaken a long-needed project to compile information
on damage as a function of intensity for several different types of common
structures. The results of this project should be incorporated in future earthquake
scenarios.
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A third means of improving the utilization of Evernden's method is to work
closely with private industry in order to expand the applications of the method.
The insurance industry is one example where application of Evernden's method
could benefit both industry, by helping price and market insurance, and local
governments, by providing incentives for the appropriate use of land. (Of course,
use of Evernden's method is not, by itself, sufficient for these purposes, since other
factors such as the probability of an earthquake's occurrence must be evaluated.)
Electric power companies and toxic-waste-storage companies could also benefit
from use of earthquake scenarios and clearly local governments should know the
vulnerabilities of these critical enterprises. More generally, cooperation with
private industry would facilitate the important task of identifying all forms of loss
that could result from an earthquake, including tax losses, unemployment, and the
effects on the ability of a community to make payments on loans and bonds.

Finally, the current method could be more fully utilized by working with the
public itself. To date, the principal users of the method and the earthquake
scenarios have been planners in local government. While these scenarios helped
planners understand the need for better response plans, public support to spend the
tax dollars needed to develop and implement these plans has been lacking. A movie,
similar to "The Day After," which would describe what happened to a particular
family in the aftermath of a large but probable earthquake might be useful in this
regard. This movie could be based on a scenario and, therefore, its power would
derive from the fact that the consequences of the earthquake would be the
scientist's best estimate of what could actually happen. This movie could become
.part of civic education in schools. KQED (San Francisco, California) has drafted a
script for such a movie and is now searching for funds to produce it.

IMPROVEMENTS IN THE METHOD

While there is a consensus that improvements are needed in the utilization of
the method, there is considerable disagreement on how and even if the method
itself should be improved. The improvement easiest to realize is the complete
automation of the method.

As discussed by the Southern California Earthquake Preparedness Project
(SCEPP), automation could be realized by combining several computer programs
and a data base management system. The data bases would be maps of building
inventory and geology. Evernden's program does incorporate a data base of geology
from the [:250,000-scale Geologic Map of California, a matrix to estimate the
effects on intensity of different geologic conditions, and a matrix to estimate the
percent loss for different types of structures from different intensity levels. This
geologic data base and these matrices are not, however, easily modified by the
user, nor can the way in which more detailed information on local geology is taken
into account be easily changed. The computer programs that are needed for the
complete automation of the method would include Evernden's, one that calculates
the effect of local geology on intensity and another that calculates the damage to
a given structural type for a given intensity level. The sub-programs that calculate
the effect of local geology on intensity and the effects of intensity on different
structures should be accessible for amendment by the user. Graphics programs
would contour the resuits to any desired scale. The input to the automated
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program would simply be the magnitude and location of the earthquake of interest;
the output would be contours of loss of different structures for the community of
interest.

Automation would require rather sophisticated resources. A moderate-sized
computer facility with a good graphics capability is needed. A maintained,
moderate-sized data base program would be required. Programmers and operators
for the hardware and software must be available. Technicians would be necessary
to compile and update computer inventories of local geology, water table, census
information, buildings, and, possibly, landslide potential and liquefaction
susceptibility.

Some of the benefits of an automated intensity-prediction system are
obvious. Scenarios for any potential earthquake could be made quickly and cheaply.
Calculating several different scenarios would be valuable to planners in order to
anticipate the range of expected consequences. Additions and improvements in
building inventories, maps of local geology, and relations between local geology and
intensity could be easily incorporated and old scenarios easily re-derived.

Other benefits of such a system would certainly develop. One exciting
possibility is that a map of expected damage could be made immediately after a
large earthquake occurred, using the actual magnitude and location of the
earthquake. Such a map would aid search and rescue efforts after earthquakes that
occur at night, in bad weather conditions, or during the chaotic hours immediately
following a large earthquake, when a clear picture is not yet available from eye-
witnesses. This "on-line" system would also be useful in directing response to
aftershocks of the large earthquake, since such aftershocks, octlng on weakened
structures, can be as damaging as the main earthquake.

A second possible improvement to Evernden's method is the inclusion of
differences in the frequency content of shaking in the calculation of intensity and
damage. While technologically feasible, this may be more difficult than automating
the method. The consequences of the September 1985 Mexico earthquake showed
how important frequency effects can be. Soils and structures respond differently
to different frequencies of shaking. When the soils under a structure amplify
seismic motions at the frequencies to which the structure responds--as occurred in
Mexico City--the risk of damage is greatest. The currently used method of
forecasting damage does not take into account the frequency dependence of soil or
structural response.

The combination of automating the method and of including the effects of
differences in frequency content would substantially improve the calculation of
damage forecasts. Predictions of damage for an entire region, for example, all of
southern California, are envisioned as possible with such a frequency-sensitive data
base computer program. Predictions have been envisioned to be made for this
entire region on a block-by-block basis. Some planners say that such predictions
would be useful, while some engineers and seismologists say they would be
counterproductive. The decison on whether or not to develop such a frequency-
sensitive computer program focuses, therefore, on the question of its usefulness.

The Southern California Earthquake Preparedness Project (SCEPP) conducted
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a pilot study to test the feasibility and value of an automated computer program
(frequency-dependent effects were not considered). SCEPP developed a semi-
automated version of the program and used it to forecast the consequences of a
repeat of the 1857 Fort Tejon earthquake on a small area of modern-day San
Bernardino. The conclusion of this study was that a fully automated version would
be valuable for the entire southern California region. All that is needed now, it
was claimed, is to develop completely the needed program and to compile the
required data bases of building inventories, geology (on a much larger scale than
provided in Evernden's program), ethnic composition, and water table for the
southern California region.

Another pilot study, Pre-Earthquake Planning for Post-Earthquake
Reconstruction (PEPPER) Project for Los Angeles concluded, however, that
existing methods for predicting structural damage are not adequate to indicate
where damage will be concentrated, except for the special case of unreinforced
structures. This suggests, therefore, that application of an automated program on
a regional basis might be desirable if it could be made reliable; it is not reliable at
present.

Another opinion, expressed by some seismologists and geologists, was that,
while technologically possible, such a program is undesirable because its
predictions would be unacceptably sensitive to parameters that are inherently
difficult to determine, such as soil properties and structural response.
Furthermore, even if extremely accurate and detailed predictions could be made,
emergency response planners would be ill-advised to tailor their plans to these
predictions since the actual future event, for which they are preparing, will
certainly be different from the event used in the scenario. The purpose of
scenarios, according to this school of. thought, is only to give local planners a
general picture of the extent and magnitude of the consequences of a major
earthquake, not to suggest, for example, that one particular bridge or one
particular hospital will be nonfunctional.

Perhaps the most significant accomplishment of this Working Group was
airing these different opinions on the feasibility and desirability of a regional,
frequency-sensitive, automated version of Evernden's program. In view of this
disparity of opinions, improvements of the utilization of the current method should
be emphasized.

SUMMARY
o Evernden's computer program, combined with tables of
damage versus intensity, is the most effective current
method for predicting seismic intensities for response
planning and loss estimation,
o Evernden's method could be improved by incorporating

it into @ computer program that would:

* store inventories of building types on a regional
scale
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* store the response of modern buildings as a
function of frequency;

* calculate seismic shaking as a function of
frequency;

* estimate liqguefaction potential; and

* calculate and contour loss estimates for various
types of modern construction.

There is a disparity of opinion among users of
Evernden's method over whether this method should be
improved to include frequency effects and data bases
of building inventory, some arguing that it is desirable
and feasible, others that it is desirable but not
feasible, and others that, while costly, it is feasible
but not desirable.

There is a consensus that utilization of Evernden's
method should be improved by working with:

* ysers to clarify the method's reliability;

* engineers fo improve accuracy of structural loss
estimates;

* private industry to estimate all forms of loss, not
simply to lifelines; and

* the public to increase appreciation for the need of
earthquake hazard mitigation.
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Predicting Seismic Intensities for Response Planning and Loss Estimation

SUMMARY OF WORKING GROUP Il AND AUDIENCE DISCUSSIONS

This session was moderated by Robert D. Brown, Jr. Panelists were William
E. Spangle, Karl V. Steinbrugge, Richard J. Roth, Jr., and Rachel M. Gulliver.
Joining the panel were speakers from the morning session, James F. Davis, Jack F.
Evernden, Michael S. Reichle, Paul J. Flores, and John H. Wiggins. Brian E.
Tucker was the session commentator. Questioners and commenters from the
audience included William J. Kockelman, Anthony Prudhomme, and several others
not identified on the audiotapes. The following text was transcribed, condensed,
and edited from audiotapes by William M. Brown lll.

Brown opened the session with a definition of earthquake intensity taken
from USGS Professional Paper 1360. He also pointed out the intensity scale
printed on the inside back cover of that volume. Intensity originally was used as a
means of locating the source of earthquakes, and not as a means to identify
damage. The concept of intensity dates back to 1857, the work of Robert Mallet,
and the great Neapolitan earthquake (Naples, Italy). Only in the last few decades
has intensity become less of a tool for determing earthquake sources. Intensity is
still used to supplement instrumental seismology for that purpose, but it is
primarily used for estimating damage and loss, comparing earthquake scenarios, or
estimating the effects of future earthquakes.

Spangle, Steinbrugge, Roth, and Gulliver spoke directly from their papers
which are included in this chapter.

A participant asked the panel for comments about how tilt-up buildings might
fare, and what advantages a subterranean facility might have over a surface
facility during an earthquake. One panelist noted that the building code on tilt-up
structures was changed after the 1971 San Fernando, California, earthquake.
Today, there is a different type of anchoring required between the roof and
vertical wall section. The expectation is for better performance of tilt-up
buildings because of the changes in construction practices. Steinbrugge verified
that comment, and noted that the area of the diagphragm of the roof did not
particularly influence the damage pattern during the 197! San Fernando
earthquake. @ He commented that unfortunately tilt-up buildings are often
identified with speculative construction; even within the San Francisco areaq, for
example, tilt-up building construction is not uniform. At an earlier time, tilt-up
walls contained pilasters extending into the ground and giving the effect of a
vertical cantilever. This was a structural redundancy unmentioned in the building
code, and it kept some buildings from collapsing during the San Fernando
earthquake. Currently, one can interpret the building code to show that pilasters
are not needed. In Steinbrugge's experience, some buildings in San Francisco are no
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longer built quite as well as they were prior to 1971, although builders are working
under improved code conditions.

The participant reiterated his question about the performance of
subterranean facilities, referring to an article about the Bank of Mexico's computer
facilities surviving the 1985 Mexico earthquake. Was this the result of unique
location, or better construction techniques? Wiggins suggested the location was in
a lower intensity area. He cited records from the Latino-American Tower
basement for the 1957 Mexico earthquake. He noted parenthetically that
approximately the same kind of damage occurred in Mexico City in the 1957
earthquake as in the 1985 earthquake, but there was more of it in 1985. Records
show a much lesser intensity when one goes underground. Wiggins also cited
records from 1000 feet deep in mines, and mentioned that miners in the 1976
Tangshan, China, earthquake felt no shaking from an event that killed 400,000
people at the earth's surface. Essentially, the deeper one goes, the lower the
effective shaking. Generally, the harder the rock, the more stable the conditions
for underground shaking vulnerability.

Kockelman asked about increased spalling of tunnel-face rocks at depth.
Wiggins replied that there were few reported cases of tunnel or mine behavior
during earthquakes, and that his primary observations come from the Chinese
miners. Robert Brown verified that underground facilities generally behave very
well.

A participant asked whether buildings in San Francisco and Los Angeles,
California, will fail in the same manner as did those in Mexico City, given similar
shaking. A panelist replied that construction similar to that which failed in Mexico
City exists in California cities, although buildings of such construction in
California generally date from the 1920's, Therefore, if similar shaking is applied
to these older buildings (without consideration of soil-site conditions), similar
damage will occur. The lessons learned from Mexico City may not be as useful for
studies of new buildings as they are for vulnerability estimates for older buildings.
Also, the peculiarities of soil-site conditions in Mexico City may not be
transferrable. However, the situation was not unique: Caracas, Venezuela,
experienced a similar problem wherein great damage occurred in a small area due
to local soil conditions. Likewise, Santa Rosq, California, had high-intensity
shaking during the 1906 San Francisco earthquake. That shaking resulted in more
damage to some of the towns near Santa Rosa and to the north of San Francisco
than there was in the firm ground areas of San Francisco itself. The local soil
conditions are going to dictate the answer. Robert Brown added that there are
some similarities among the soil conditions in Mexico City, San Francisco, and Los
Angeles. There are areas in all three cities where unconsolidated deposits will tend
to amplify ground motion.

Prudhomme asked if there would ever be a way to estimate site-specific
intensities with reasonable accuracy. Can a building be designed for a given site
and the maximum probable earthquake from surrounding faults? Robert Brown
suggested that for a specific building, one would go to the site-design criteria for
that building, and then use a velocity or acceleration based on assumed
earthquakes. He noted that intensity is more appropriate as a broad synthesis
approach to problems.

Wiggins said site-specific intensities could be estimated from the standpoint
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of engineering design requirements. Whereas there are large uncertainties involved
in making site intensity estimates, there are confidence bounds on those estimates.
Structures can then be designed based upon the owner's decision regarding what
confidence bounds he is willing to accept. We can estimate site-specific intensities
and design for them. We are not going to understand everything perfectly. Thus, it
is the safety factor -- the uncertainty we are willing to live with -- that
determines our course of action. Owner and engineer must participate equally in
the decision about what to do over and above the required code level.

A participant asked Richard Roth about how insurance companies establish
premiums for earthquake insurance. Do the companies have hazard maps? Do they
have certain formulas that they apply? Are there different rates for individual
homeowners versus commercial facilities? To what extent do insurance companies
reinsure their risk? Roth suggested that the insurance premium is based on the
particular company's willingness to sell an earthquake insurance policy. Also, the
insurance industry underwent one of its worst years in history in 1984, and is only
now coming out of that bad financial condition. Therefore, industry is very
hesitant to write earthquake insurance, and is even more hesitant to do so after the
1985 Mexico earthquake. Companies are required by law to offer residential
earthquake insurance, but the law says they can charge any price they wish. The
rates vary considerably; however, most companies are offering rates which are set
in good faith. The rate is approximately $1.50 to $2.00 per thousand dollars of
coverage on a wood-frame residential home; it is about $10.00 per thousand dollars
on a masonry home. These rates reflect the insurance industry's current best
estimate of what to charge. They are underwriting very carefully on older homes,
homes near faults, and homes of masonry design. One may not be able to get
earthquake insurance on a residence of masonry design near a fault.

The participant asked if there is any documentation on the manner in which
rates are set for earthquake insurance. Roth replied that there is no
documentation, and that the rates are set by actuaries who work for the insurance
companies. The rates are based on actuarial perceptions of fair prices and strictly
catastrophic exposures. The industry currently collects about $70 million in
premiums and pays out about $2 million in losses. It is a highly profitable business
until a catastrophic earthquake strikes.

A participant commented that the loss experience on conventional, single-
story, wood-frame dwellings is less than 10 percent; however, most insurance is
being offered with a 10 percent deductible. How is this justified? Roth answered
that the standard deductible used to be 5 percent. Once the law mandated that
companies offer earthquake insurance, most of them adopted a 10 percent
deductible. There was an earthquake insurance program, widely available through
agents or brokers, which offered a flat $1,000.00 deductible. It had broad
coverage, a rather low rate, and was so popular that 100,000 people bought it. It
was so popular that the reinsurance company became uneasy and canceled the
program. The California State Department of Insurance felt that most people are
interested primarily in insurance with respect to catastrophic earthquakes. The
industry adopted the 10 percent deductible at the recommendation of Roth and the
companies' actuaries, both of whom wished to reduce the exposure risks of the
insurance industry. With a 10 percent deductible, the industry can eliminate large
numbers of small losses: the small, mainly affordable losses are assumed by the
homeowner, and the insurance companies offer coverage against a total,
catastrophic loss. In this manner, the industry is able to insure more homes with
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the same capital and surplus, while helping to protect the industry's overall
exposure.

A participant noted that the common denominator between the engineers and
the owners or planners seems to be the intensity scale. Do we need a modern
intensity scale that relates to modern structures? Spangle thought that a better
scale is needed for large area analysis. He referred to improvements in the
damage ratio scales, and adapting the damage ratio scale from Algermissen and
Steinbrugge (1979) to the PEPPER Project (H.J. Degenkolb Associates, Engineers,
1984) for the types of buildings that exist in the City of Los Angeles. He suspected
that one set of ratios would never be sufficient. Spangle cited a need to
understand the existing local building stock, and to develop and apply ratios related
to that stock.

Steinbrugge referred to terminology used in the intensity scale and how it
means different things to different people in different sections of the country. He
noted the word "good" has a different meaning for the same kind of construction in
the cities of Los Angeles and San Francisco by an order of almost 5 to |. (The
reader may judge which location has the higher definition of "good"; there is much
local pride and many differences of opinion here.) For recent private insurance
studies in the Midwest, Steinbrugge found that the definition of the word "good"
applied to construction practice in Memphis, Tennessee, means no reinforcing steel
in the structure. In St. Louis, Missouri, the definition is different, and a modest
amount of reinforcing steel is required. The same definition and amount of
reinforcing steel would be illegal for construction practice in California. Thus, the
word "good" is very difficult to standardize. One can readily see the problem with
defining an intensity scale that matches the differences among the definitions of
"good" for newer buildings. Every time our building codes change, the existing
building inventory no longer meets code, and a new Probable Maximum Loss (PML)
has to be established. An instrumental scale would be of great help in giving us, at
least, an input parameter.

Regarding the output, one may view it in terms of casualties or functional
loss and come up with different approaches. For example, damage is determined
on the basis of which records are used. The records of loss turned in by the
building department will be different from those submitted by a consultant who is
examining losses for tax purposes. In summary, it is very difficult to arrive at
intensities using a number that later will be defined in terms of losses.

Wiggins applied an analogy using the terms "sound" and "noise." The
difference between those terms is akin to the difference between the input
parameter of earthquake shaking and the response at a given site. To some people,
a sound is music. To others, the same sound is noise. The same thing is true of
structures. "Intensity" describes the behavior of people and structures in relation
to earthquake shaking. Physically, we can talk in terms of the acceleration of
gravity, particle velocity, or duration of shaking. Notice that we haven't
mentioned the duration of shaking as important to the overall behavior of a
structural component. Consequently, explaining to a layman or property owner
that the property is "good for a 20 percent 'g' with a 10 percent duration" has little
meaning. Speaking in terms of intensity and stating that characteristic kinds of
"good" structures will behave in a certain manner will get the message across.
Intensity is simply a scale that observes what is and what happens; then it must be
correlated with the physical properties that produce the observed effect.
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A participant asked about intensities for use in response planning. Several
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>